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Bali-Disc Integrator... for use in total- Linear integrator... for systems or Flow Computer... extracts square root Custom Gears; Limit Stops, Shafts, Cou- 


izing, rate determination, differential 
analyzers, or as a closed loop servo- 


instruments requiring integration, aver- 
age computations, direct or remote read- 


and continuously integrates both differ- 
ential and static pressures for applica- 


pling and Cams for computer, servo- 
mechanisms and instrument applications 


element ...0.01%V(av) optimum repro- ing... mounted on chart recorder. tions such as orifice measurement of 
ducibility. fluids. 


Ase 
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Analog Digital Converters... for convert- 
ing shaft position to digital information 
available in Binary, Gray code or Binary 
decimal. Also Sine Cosine functions. 


Sine Cosine Mechanism... for problems Linkages for computing equipment; 
of changing variables involving vector precision addition, subtraction linkages; 
components, range and bearing computa- multiplying linkages and function gener- 
tions, sight computation, etc. ators with displacement outputs 


Hollow Shaft Differential... offers greater 
versatility in summing angular shaft 
positions; Hollow Shaft reduces bread- 
board and production costs 


X-Y Plotter and Recorder... for point or 
continuous plotting, with positive me- 
chanical drive in recording graphic data. 
Several models and accessories available. 


Magnetic Storage Drum... for medium Read-Record Heads for high fre- 
storage applications; capacity 131, 072 quency, non-contact recording applica- 
non-volatile bits; drum speed 3800 rpm; tions in magnetic memory systems; high 
clock frequency 130 kc. read back signals. 


Planimeters for miniature strip chart 
recorders for simple integration with 
variable speed control; 2 models: square 
root and linear 


There are available catalog sheets, bulletins 
& or folders on all our products. 


RELIABILITY is the prime consideration in the - 
design and construction of the extensive line of 
Librascope products—the result of 20 years in the No. 10M-1 
successful manufacture of mechanical, magnetic, 
optical, electronic and electrial instruments for 
military, research and commercial uses. 
Your requirements for development or 
manufacture of similar products 
are requested. 


No. 310398 No. £10-1 No. 304062 


IBRASCOPE 


BOB WESTER 
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SOCORNY MOBIL IS FIRST TO THE WIRE ¥. 


eee 
‘5, 


with a major refining process chiefly dependent 
on an automatic data processing system... 


the Beckman 112 


When Socony Mobil decided to add a new multi- 
million-dollar catalytic reforming unit to their exist- 
ing plant at Casper, Wyoming, they played a systems 
favorite. They put their instrumentation money on 
Beckman Systems Division. 

Going on-stream to push out 3,000 barrels of hi- 
octane a day, Socony Mobil couldn’t take chances 
with an untried instrumentation system. And yet, 
because they were investing in the future, they 
couldn’t afford to put their money on the past. 

Socony Mobil’s decision was obvious: they had to 
have the very latest in a data processing system with- 
out sacrificing old-fashioned reliability. Only one 
data system seemed to offer daring new design and 
solid-state circuitry backed up by hardware already 
system-tested and proved in on-stream operation .. . 


Beckman: 


CONTROL ENGINEERING 


It was the Beckman 112, designed and built for con- 
tinuous, twenty-four-hour, seven-day-a-week service 
in the process industries. 

The Socony Mobil handicappers were so sure they 
had picked a winner that they decided to build the 
first major on-stream process unit with normal oper- 
ations dependent on an automatic data system. The 
Beckman-Socony Mobil entry eliminates almost all 
of the expensive duplication of conventional, parallel, 
back-up recording instrumentation. 

You can’t be first, too, but you can still be in the 
money. Why not ask a Beckman Systems Engineer 
to consult with you on your process instrumentation 
problems? And be sure to write for your copy of the 
illustrated brochure on the Beckman 112. Ask for 
Data File D-17-46. 


Systems Division 
325 N. Muller Ave., Anaheim, California 
a division of Beckman Instruments, Inc. 
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Published for engineers and technical management men who are responsible for 
the design, application and test of instrumentation and automatic control systems 





Punched Tape Controls Britain’s Newest Wind Tunnel 

D. BARLOW of Conrrot ENGINEERING, London, describes the program control for se 
lecting nozzle- and diffuser-section shapes, plus the compressor and model-position controls 
A New Approach to Collecting Instrument-Industry Statistics 

L. A. EDELMAN of U.S. Dept. of Commerce reports on a new philosophy that’s been 
applied to instrument-industry commodity breakdowns, shows one of the initial surveys. 
Data File 15 — Analyzing Hydraulic Servos Graphically 

F. |. HUDDLESTON of Air-Arm Div., Westinghouse, demonstrates a new graphical tech- 
nique for determining a servo’s transfer function without extensive nonlinear analysis. 
Custom-Designing Controllers for Time-Based Routines 

bE’. E. MUEHLNER of Convair—Astronautics tells how to design special-purpose time-based 
program controllers to meet performance specifications with the simplest mechanisms. 
The Functions of Guided-Missile Checkout Systems 

J. TAMPICO and A. E. RESNIK of Associated Missile Products Corp, outline the func- 
tions and equipment of automatic test sets used to check missile systems in the field. 
Data Reduction Needs Differential Amplifiers 

F. OF FNER of Offner Electronics, Inc. discusses the importance of differentialinput 
implificrs in data reduction applications and points out their most salient characteristics. 
I'xpanding Reliability to Systems Effectiveness 

ly. |. KOMPASS and L. H. YOUNG of Controv ENGINEERING present a special inter- 
pretive report surveying the important aspects of systems reliability for control engineers. 
Mass Spectrometry in Process Control 

R. WALL of Monsanto Chemical Co. points out that the mass spectrometer’s many ad 
vantages make it one of the most widely used analytical instruments in both lab and plant 





Using the Acceleration-Switching Valve 

W. I. HARRIS of McDonnell Aircraft tells about efforts to use this new type valve 
Bremsstrahlung Gages Improve Thickness Control 

N. A. HART of Baldwin Instrument, England, uses new gage on mill control equipment. 
Airborne Correlator Aids Data Reduction 

H. B. MEYER of Convair details a correlator for use in collecting flight test data 
Change the Piping to Simplify Control 

J. J. COMBES of Scientific Design Co. simplifies ratio control by altering piping 
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Control Personality-GEORGE W. HOOVER 

One of the Navv’s scientific team, he worries about how man fits into a control system. 
What’s New in the Control Field 

Airborne radiant heating system on Lockheed Electra features controlled draft-free heat. 


Industry's Pulse—Making the Most Out of Maintenance 


A look at how industry and the military are tackling the growing maintenance problem 

Editorial—Talk to Businessmen in Their Own Language 

One duty engineers often neglect, interpreting their achievements for management. 

New Product Developments. 

Featured: a density system, an optical rotary switch, a current bridge, a thermocouple 

Abstracts of Technical Papers 

On designing cascade control systems involving two directly related measured variables 

Shoptalk 163 Bulletins & Catalogs 181 Meetings Ahead 
10 Feedback 174 New Books 178 Reprints 








LOUIS A. EDELMAN, author of the instrument statistics article on page 86, is a prime example 
of self-determination. Forced by circumstances to switch to night school when he was 14, he went 
on to earn his high school diploma. In the midst of the depression he joined the U. S. Army Air 
Corps, advancing to the rank of captain before a physical disability forced his separation in 1948 
At this point he decided that he needed a college educaton, and earned BA and MBA degrees in 
economics in the next three years. Then a return to government service led to his present position 
in the Dept. of Commerce. And, to top it all, at the age of 50 he’s back attending night school 
igain, working toward a PhD. 
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Simpler, faster, more accurate setup 


of function generators 


with the EASE* push-button servo system 


BRIEF SPECIFICATIONS 
Model 1171 Function Generator 
OUTPUT —Voltage Y, within —100 to +100 V, varying in 20 straight- 
line segments which approximate the curve of the function, with a 
desired functional relationship to input voltage X. 


ACCURACY — Error in setting breakpoint, 0.1% of full scale; error in 
setting output value, 0.05% of F.S.; diode rounding effect for 1:1 
change in slope, 0.1% of F.S. 


DRIFT — 0.03% of F.S. over any one-hour period; 0.07% per day. 
Model 1172 Setup Unit 


PURPOSE — Provides push-button setup with checking facilities. Con- 
tains servo amplifier, switching, precision input voltage, output 
reference divider, and metering. 


ACCURACY — Nulling error = .03% of full scale. 
MOUNTING-—Fits standard EASE* cabinet or any standard relay rack. 
DIMENSIONS —Panel, 834,” x 19”; depth 144%” plus connectors. 


(Typical values: full scale 200 V) 


Standard plug-in amplifiers 
simplify servicing 


EASE* 1100 Series computers offer unmatched speed 
and accuracy with virtual elimination of operator 
error in setting up function generators. Consistent 
with the advanced “human engineering” concepts 
reflected in all design aspects of this series, precise 
and completely reliable control of setup is accom- 
plished simply, without adjustment of knobs. 


Up to ten Model 1171 variable base function genera- 
tors are at the operator’s fingertips through the Model 
1172 push-button setup unit. It provides separate 
three-digit arrays of push buttons for setting X and Y 
values for each generator; a simple null checking 
method for verifying output over the entire range of 
inputs; a meter enabling the operator to trim the func- 
tion, and a panel scope for visual monitoring of the 
function curve. 


Model 1171 biased diode type generators approximate 
single-valued functions by means of line segments; 
locate breakpoints with three-place accuracy. Each 
generator incorporates two plug-in DC amplifiers of 
extremely high gain, high frequency response and 
superior stability. 


The Series 1100 servo-setup function generator system 
uses Beckman/Berkeley’s new no-drag clutches, which 
act independently of each other, disengage completely 
after setting, and have operational life exceeding that 
of the pots themselves. This advanced engineering 
achievement is instrumental in providing push-button 
control with accuracy of +.03% nulling error full 
scale. For complete information on the Beckman 
EASE* 1100 Series, which is upgrading design and 
performance standards in the analog computer field, 
write to Dept. L4. 


Beckman’ 


FAGE COMPUTERS 


Mid. by Berkeley D n, Beckman Instrument 
Richmond 3, California 


153. *Trademark 


EASE Computer service is available on a rento 
George |. Bekey, Director, Beckman /Berkele 
307 Parkman Ave., los Angeles 5 


APRIL 1958 








electric 
motion 

control 
facts 


OR 
IDEA 
MEN 











Touch-a-button speed 
changes through 
electric 
clutch-couplings 


Ten Warner electric clutch-couplings are 
“automatic power links’’ in this precision 
instrument for measuring and recording high- 
frequency phenomena. In the power trans- 
mission (below) they control recording speeds. 
In the magazine they control rate of flow of 
photosensitive paper. Functioning by elec- 
tromagnetic attraction of armature and field, 
the transmission clutch-couplings permit 
remote selection of recording speeds from 
3 to 400 ipm without stopping to shift gears. 

TO TRIP Laver ~ eovennon 


TO DRIVE MOTOR " ; | MAGAZINE 
1 he — ee 

« _ i SUPPLY Rout | | 
i u 


! 
‘so miVE ROLL i> 


ste 


t , ee ee 
rake up|} 
ok: iaaaia | U CTH ae pic up — : 


Three pairs of I = (A to F) are 
used in the transmission gear train. Use of 
clutches A and B provides 2:1 reduction; C 
and D, 4:1 reduction; E and F, 16:1 reduc- 
tion. Clutch G, coupled to the main drive 
through a gear set, controls length of paper 
to be run for recording. Clutch H couples 
the main drive to the rewind shaft when a 
high recording rate requires faster accelera- 
tion of take-up roll rotation than possible 
with the small rewind motor alone. Clutch- 
couplings I and J couple main drive and 
take-up shafts to their respective rolls. Brake 
K stops the supply roll and keeps it from 
unwinding when machine power is cut off 
by the governor. 

Use of Warner electric clutch-couplings 
simplifies removal of the magazine for dark- 
room processing of recording paper. All the 
operator has to do is de-energize the field, 
unlock the magazine case, and slide the arma- 
tures away from the fields and rotors. 


Warner 
Stationary- 
Field 
Electric 
Clutches 


Split-second operation and precise control for auto- 
matic cycling, indexing, positioning, or tension con- 
trol are design advances you can give your Customers 
with Warner electric clutches and clutch-couplings. 
Capacities up to 100 hp. 
Send for more IDEAS: Warner will send you 
application sheets showing how machines in your in- 
dustry were made more profitable, easier to control, 
simpler to maintain. 

——— 

WARNER } ELECTRIC BRAKES 


AND CLUTCHES 
“ee” 


Warner Electric Brake & Clutch Co., Dept. DN-10 
Beloit, Wisconsin 
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SHOPTALK 


Interpretation is our Job 


Realizing that only a small percentage of Ctk’s 33,000 
subscribes would be able to attend the recent Fourth Na 
tional Reliability and Quality Control Symposium in Wash 
ington, D. C., a symposium of vital interest to them all, Ctl 
editors Ed Kompass and Lew Young decided to bring it 
to vou. They took in all the sessions, talked with the con 
ferees, and then prepared the article appearing on page 105, 
which was written with the aim of pulling out of the mass 
of reliability data the information that is of significant in 
terest to control engineers. One of the most interesting items 
brought to light was the new concept of “systems effective 
ness’, in which reliability is only one of many variables. Don’t 
miss this roundup, tailored strictly for control engineers 


One chance in a thousand 


That's about the odds for ever getting the entire Conrro! 
I'NGINEERING editorial staff together at one time, what with 
Derek Barlow in Europe and one or two editors always on the 
road. But amazingly enough, at a recent editorial evaluation 
and planning meeting at the Scarsdale Golf Club, every 
staff member reported present. Standing, from the left: Will 


Garey, publisher; John Cooney, associate editor; Warren 
Kayes, copy editor; and Art De Weerdt, circulation manager 
Seated, from left to right, Jack Gordon, art director; By (no 
tie) Ledgerwood, managing editor; Lew Young, associate 
editor; Devel Barlow, European editor; Bill Vannah, editor; 
Flo Baxlev, editorial assistant; Frank McPartland, assistant 
editor; Harry Karp, associate editor; and Ed Kompass, as 
sistant editor. 


Yes, we publish an index 


Several readers have reported that they didn’t realize we 
published a yearly index of Conrrot ENGINEERING’S edi 
torial material. Actually, each December issue contains an 
index for that year, and a limited number of reprints are 
available for those who would like a file copy (the 1957 index 
appeared on pages 185 to 194 of the December issue 





NEW PHOTOTRANSISTOR 


FOR . T. EXCLUSIVE FEATURES 
MILITARY AND Rat Vinwtinn 


P| INDUSTRIAL High Transistor Gain 
6 Low Leakage Current 


APPLICATIONS improved Light Sensitivity 


Miniature Size 





—_—, can broaden photoelectric 





equipment desiansf (( ,- with this new advance in a 


Many applications in military and || industrial electronic 


equipment, ‘ a using light rays for activation, will utilize the 
General Transistor PNP type 2N469 B 
This miniature, optically sensitive? €@s7 unit Is 
extremely reliable and resistant to shock I and vibration. 45 ... hermetically 
sealed in a metal case with glass headers — ma) light is applied through 
the glass top of the case. Tinned flexible IN leads may be soldered 


directly into circuit iby or used with standard sockets. 


cc 


Write today for illustrated folder, { | Bulletin 2N469, 
containing complete information, Y_l 1 diagrams and engineering 


specification |; —please mention your application. 


——— 


a GENERAL TRANSISTOR 
CORPORATION 


Pa-27 138TH PLACE ° JAMAICA 5S e 


“THE FASTEST GROWING NAME IN TRANSISTORS" 


APRIL 1958 





CONSOTROL RECORDING 


The ORIGINAL 
small-case 
control panel 
instrument 
with a 


FULL SCALE 
4 INCH CHA 


Il oe —s I Full-scale readability! Here is the industry 
en See a 5 Se cee standard set by Consotrol Instruments, with 
ments require less panel space than does a Resi, | ; 
single, conventional 12” recorder. no compromise in compactness, convenience, 
or performance. 


These Recorders and Recording Control 
Stations are so compact you can actually 
mount 4 in the space required by 1 standard 
12-inch recorder. And yet, inside the case, all 
components are full size — nothing is “minia- 
ture.” 


With the integrally mounted Model 58 
Controller, the Foxboro Consotrol Recording 
Control Station provides precise, dependable 
control and full-scale chart records in one- 
quarter the panel space. Maintenance is 
easier too, with all calibration adjustments 
made from the front ... re-inking needed 
only twice a year... chart changes as seldom 
as once a month. 











For the complete story, write for Bulletin 
13-18. The Foxboro Company, 364 Norfolk 
Street, Foxboro, Massachusetts, U.S.A. 


INTRODUCED IN 1952 - 
OVER 25,000 NOW IN U 


Typical control panel showing Consotrol Re- 


cording Control Stations. Associated M/58 
Controllers, integrally mounted, pull out with 
the recorders. 


REG. U.S PAT. OFF 


*Reg. U.S. Pat. Off. 
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ACTUAL SIZE 
illustration of 
Consotrol Instru- 
ment super-im- 
posed on standard 
12-inch chart. Note 
full 4” wide strip 
chart has same 
length scale as 12” 
circular chart. 
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General 
Purpose 
Relays 


MEASURE ONLY: 
14°x1%"x1K’ 


BUT CARRY: 

to 25 A. resistive at 115-230 V., 
mn Cs t hp, 206 VV... 2 ip. 
250 V., A.C.; D. C. and other 
higher ratings on request. 


CONTACTS: 

DPDT, Double Break-Double 
Make (Form Z). Special ar- 
rangements and sequence on 
request. 


MOUNTINGS: 

Socket, panel and sidewall ar- 
rangements standard; others 
to meet special needs. 


“Diamond H’”’ engineers are 
prepared to work out varia- 
tions of these rugged, depend- 
able relays to meet your spe- 
cific requirements in such ap- 
plications as automation 
controls, appliances and air 
conditioning equipment, or 
what you will. Just ask. 


THE 


HART 


MANUFACTURING 
COMPANY 


165 Bartholomew Avenve 
Hartford, Conn. 


Phone Jackson 5-3491 
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‘Tain’t right 
lo 1uik Eprs0R 
In reference to the article published 
in Data File 11, “Estimating Damp- 
ing Ratio from Frequency Response’, 
in the Dec. ’57 issue of ContROL EN- 
GINEERING, the equation 


: 
@ = tan 2¢| —— Tego 
(4é* + o = Ze 


does not appear to agree with the sys- 
tem described 
If the second-order system 


1/2 
1 
M [ (1 — B*)? + (2B | 


> 


and 


tan @ 


is the system described, where M is 
the amplitude ratio and B is the ratio 
of the input frequency to the un- 
damped natural frequency, the follow 
ing equation results: 


4... _ 2&2 — 4e)"2 
tan ¢ at unity gain = 4 > 


-t 


I believe this is the correct equation 
to produce the results desired by curve 
A in Mr. Savant’s article. This results 
in an upper useful limit of the damp- 
ing ratio greater than \/4, which is in 
agreement with curve B. 

Second-order systems with a damp 
ing ratio greater than \/4 will have 
unity gain only at zero frequency; 
therefore, curve A could not extend 
above a damping ratio of \/4. 

If I have interpreted Mr. Savant’s 
article improperly please advise me so. 

C. F. Sanders 
Waco, Tex. 


‘Tis 
To rHE Eprror— 

The difficulty which one of your 
readers experienced in understanding 
my article in the Dec. '57 issue of 
ConTrROL ENGINEERING lies in the dif- 
ference between the closed- and open- 
loop transfer functions. The frequency 
analysis method (Nyquist plot) is 
based upon the open-loop transfer 
function, KG, and not upon the closed 
loop function KG/1 + KG. For the 
second-order system the transfer func- 
tion is 


KGGB) = (1) 


1 
JBGB + 2%) 


where B is the ratio of the input fre- 
quency to the undamped natural fre- 
quency and ¢ is the damping ratio (the 


sume notation as used in the letter). 
I'he amplitude and phase response are 
found from this equation 


B 
? —90 — tan = 2 


The phase margin ¢,, which is 180 
deg minus the phase lag when the 
magnitude of KG is unity, is given by 


» 
dm = tan 


from which curve A was derived. 

Phe equation from which you de 
rived the results in your letter is 
the closed-loop transfer function 
KG/1 + KG for a second-order sys 
tem. ‘This can be demonstrated by 
substituting Equation | into KG 
1 + KG as follows: 


l 
KG jJBQGB + 2) 


i+ KG . i 
1+ BGBT25 (4 
l 
se 7B (jB + 2& 


which can be reduced to 
KG 
+ KG 


[1 — B)? + (2: 


It is obviously incorrect to utilize 
the closed-loop expression of Equation 
5 to plot a Nyquist diagram, or to 
make a Bode plot, or to obtain the 
phase margin. The theory of servo 
stability, whether analyzed with the 
frequency method or with root-locus 
technique, is based upon the open 
loop transfer function KG, and not 
the closed-loop function, KG/1 + KG. 

Your conclusions drawn in connec 
tion with an upper limit of \/4 for 
the damping ratio apply only to the 
closed-loop amplitude response. ‘Thes« 
conclusions are erroneous, since the 
phase margin is a measurement based 
upon the open-loop transfer function. 
Curve A definitely does extend above 
a damping ratio of \/4. 

I hope this helps you to understand 
Data File 11. A complete derivation 
of both these curves will be found in 
Appendix VIII, Basic Feedback Con- 
trol System Design, C. J. Savant, 
published this year by McGraw-Hill 
Book Co., Inc., New York. 

C. ]. Savant Jr. 
American Electronics, Inc. 


Los Angeles, Calif. 





Put the zeros where they belong 
l'o THE EprtroR 
In June of last year at your request 
we filled out a table listing the charac 
teristics of our magnetic modulato1 
(his table was to be used to illustrate 
in article on magnetic modulators t 
be published in the November issu 
CONTROL ENGINEERING. Upon rr 
ceipt of our copy of this issue, we 
read the article and examined the 
table listing the characteristics. We 
vere astonished and extremely un 
happy to find the following errors 


l. The frequency response for all 


of our modulators was listed as 0.1 
sec whereas it should have been 0.01 
2. The weight of our Magnetic 
'hermocouple Converter MTC435-2 
was listed as 15 oz whereas it is only 
1.5 oz. 
3. Figure 7 lists our modulator as 
“odd-harmonic modulator’. This 
not true. It is a fundamental fr 
quency output type of modulator. 
M. G. Tekosky 


General Magnetics, Inc 


Bloomfield, N. J. 


Our apologies to our readers and to 
Mr. Tekosky. The article is being re- 
printed because of a large demand for 
it. In the reprint the decimal points 
are in their right places. 


Ed. 


Another way to avoid oscillations 
To THE EpIToR 


In connection with the article 
“How to Avoid Extra Integrators 
When Simulating RLC Networks” 
by Joseph Otterman in your Nov. °57 
issue, your attention is invited to an 
ticle by Dr. L. G. Walters entitled 
“Tlidden Regenerative Loops in Ele« 
tronic Analog Computers”, which ap 
peared in the June °53 issue of thx 
“Transactions of the IRF, Profes 
sional Group) on Electronic Com 
puters”. Although Mr. Otterman 
gives a different rule for avoiding 
oscillations, I belicve both he and 
vour readers may be interested in the 
earlier article. 

Eldridge S. Adams Jr. 
\eronutronics Systems, Inc. 


Glendale, Calif. 


Or was it O. Henry? 
To THe Eprror 


We were very pleased to see the in 
teresting report of the Swansea Con 


¢ 


THE MARK OF QUALITY 


NEW 


BARBER electronic integrator 


COLMAN 


provides fast, selective 


counting rates 


Wheeleo 
Inctruments 


New Wheelco electronic integrator 

and optional 5-digit component counters 
are unitized for convenient 

mounting 


New from Wheelco — an elec- 
tronic integrator with a selec- 
tive counting rate of 2400, 
1200, or 600 per minute at full 
scale. Developed for use with 
the Wheelco 8000 Series poten- 
tiometer strip chart recorder in 
chromotographic applications, 
the unit is equally effectivé on 
any industrial process where 
the measured variable must be 
integrated. 


Now — control of laboratory 
or industrial processes that 
formerly required a high order 
of technical skill can be super- 
vised by most competent labo- 
ratory technicians. 


Recorders are available with cross-chart speeds of 2 seconds 
for scale spans of 1 to 10 millivolts and 1 second for spans 
of 10 millivolts and greater. Chart speeds are selected by 
change gears. Readout (optional) is provided by high- 
speed, 5-digit electromechanical counters for component 
and/or total count. 


Behind this new development is a solid background of 
Wheelco development experience, manufacturing skill, and 
complete field engineering experience. These same quali- 
ties can be applied to your process control problem - 

contact your Wheelco field engineer for more details today 


BARBER-COLMAN COMPANY 


Dept. D, 1548 Rock Street, Rockford, Illinois, U.S.A 
BARBER-COLMAN of CANADA, Ltd., Dept. D, Toronto and Montreal, Canada 


Industrial Instruments * Automatic Controls © Air Distribution Products * Aircraft 
Controls ¢* Electrical Components * Small Motors °* Overdoors and Operators 
Molded Products * Metal Cutting Tools * Machine Tools °* Textile Machinery 
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FEEDBACK 
Mode! 4310 
i ed Accelerometer 
now in production ference of the Society of Instrument 

Technology, which appeared in the 
Dec. ’57 issue of Conrrot ENGINEER- 
ING. 

I would, however, like to make one 
or two comments: 
*The name of the co-author of the 
paper on gas chromatography was 
D. Harvey, not D. Henry as stated 
Mr. S. W. J. Wallis, of B.P., was un- 
fortunately prevented from attending 
the conference, and the remarks at 
tributed to him were made on his be 
half by Mr. D. ‘Townend 

Your readers may be interested to 
note the proceedings of the confe 
ence, containing the papers together 
with the subsequent discussion, will 


0.1% Linear Accelerometer Jin 


I. P. Gray 
Secretary, ’57 Conference Committee, 
COMPLETELY TRANSISTORIZED* Society of Instrument Technolozy 
| London, England 
Yankee editor apologizes. Ed. 
ACCURACY 0.1% of Full Scale 
LINEARITY < 0.05%** Deviation from Best Straight Line 
RESOLUTION Better than 0.0002% of Full Scale 
WEIGHT | 3.2 Ounces Bids for conveyor systems vary, too 
OUTPUT +8 v de for supply voltages of +15 v de 
POWER REQUIREMENTS 150 milliwatts total input 


fo THE EpirorR 
Mr. William D. Bell's article, 


STANDARD DONNER “Why Control System Bids Vary,” in 
The Donner Model 4310 precision linear servo accelerometer is VACUUM TUBE MODELS ) 
a sub-miniature counterpart of the standard Donner vacuum ENCINEERING. could be retitled “Why 
tube models which have been giving phenomenal performance . 4: 





the December 1957 issue of CONTROI 


for the past 3 years. Requiring only +15 volts of unregulated Conveyor System Bids Vary” and, 
dc power at milliwatt levels, the Model 4310 delivers +8 with very little change in content, ap 
VOLTS of output at 0.1% accuracy. Zero stability and linearity plied just as specifically to the problem 
are enforced by the self-contained high gain servo system. 


, is encountered in the materials han 
Silicon transistors allow operation from —40° C. to + 100° C. 


dling field. Though we rarely find 
All Donner models (see table below) ruggedized and hermet- 1,000 percent variations between com- 
ically sealed, are adaptable to any acceleration measuring petitive conveyor system bids, it is not 
problem. They are well suited to airborne applications such as unusual to find variations of 20-30 pet 
telemetering, navigation, control and guidance systems. In a T } 

: - z nt. I’m quite sure that buyers of 
typical application, the Model 4143 exerts a control function cm et, ; ete : ‘ ; led : a 
in the inertial stabilization of helicopters. Conveyor systems are as puzzled over 

this 20-30 percent variation as buyers 
of control systems are over the 1,000 
MODEL MODEL MODEL ae? 

ne 4005 4112 4310 percent variation Mr. Bell used in 

ACCURACY 0.1% Full Scale illustration. 
RESOLUTION Better than 0.001% 0.0002% The six cost factors covered by Mr. 
LINEARITY 0.1% | 0.05% 0.1% 0.05% Bell should be of value to both buyer 
RANGES -0.16 to +20.06 +0.56 to +0.056 to ind seller of control systems and, as 


i= =— previously mentioned, with very little 
OUTPUT . + + + - : 
st eon Soe —— = = change apply equally well to the pu 


COMPANION 
POWER SUPPLY ae a — chase and sale of materials handling 


MAGNETIC . ‘ " * equipment. I think Mr. Bell summed 
e 0 es c 
SHIELDING : a up the needed future trend in indus 
NET WEIGHT 1.6 Ibs. 1.3 Ibs. 0.8 Ibs. 0.2 Ibs. trial selling when he wrote, “The 
(F.0.8. FACTORY) $540.00 $800.00 $490.00 $450.00 manufacturer must understand the 
client’s needs, so that he won’t design 
foal 
Write for Data File 410 describing Donner’s full line of accelerometers. a Cadillac to do the job of a Ford 
Address Dept. 084. | truck.” The emphasis must be, “un- 


*Silicon MIL-USN transistors derstand the client’s need”, not the 
used on approved military 


contract. Fully equivalent Toll -t*h al al client’s desires. Our experience indi 
components without specific cates that once such un sta g 
MIL approval supplied for f) ) f nf tf COMPANY : ce such understanding 
non-military applications. does exist, particularly when estab 


“Ene measured linearity CONCORD, CALIFORNIA | lished during the early stages of a job, 
oe Phone MUlberry 2-6161 © Cable “DONNER” both buyer and seller can avoid much 
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‘ . . : High Temperature 
Adapters 


+) tS) 


we Mitty 5 C air cooled 

j 7 snsducer ere tem- 

, a r sture of the pressure 

Model 110 — $150.00 ediun between 250°F 
snd é such aS in ex- 


CONTROLS ne ree aa 


t 


Model 104 
Pressure Transducer 


yh pressure appli- 


ast analyses, 


Models 101 and 102 Pressure Transducers 


Model 101 — $275.00 Model 102 — $295.00 


Xk’ Ui & 


Model 107 — $600.00 Model 107 Pressure Transducer 


NORWOOD CONTROLS catenary diaphragm pres- 
sure transducers have established new standards of 
reliability in pressure measurements in dynamic sys- 
tems . . . gasoline and diesel engines . . . jet engines 

. rocket motors . . . high pressure, high tempera- Models 105 and 106 
ture chemical reactions . . . hydraulic and pneumatic cow Prassuse Samemneare 
systems. 


Write for Data Sheets covering Norwood Controls 
transducers; which have recently been substantially 
reduced in price. Norwood Controls Unit, Detroit Con- 
trols Division, 938 Washington St., Norwood, Mass. "$300.00" 


American-Standard 


DETROIT CONTROLS DIVISION 
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A New Complete Line |"*"**“* 


unnecessary re-engineering, re-estimat 
ing, and re-evaluation. 


...COMPETITIVELY PRICED Time will be invaluable to the in 
dustrial salesman of the future (and 
...ONE OR THOUSANDS cE oy a F sghesmgeethy 


to the industrial buyer, 
. , lieve). If, through the 
... SINGLE OR GANGED ot atthe of thi. type, 
but 5 percent of our sales 
tion’s unproductive selling 
we will have made a major gain 
Walter R. Green 
Rapids-Standard Co., Inc 
Grand Rapids, Michigan 


Wants simplified control math 


lo THE EpITroR 
In your November 1957 issue, vou 
discussed in your Abstract column 


3 under “Simplifying Control Math 
TENTIOM ETERS the following report: 
Py ey VDI Forschungs-Heft, 
A ; “ No. 460, 1957. 

Dusseldorf, Germany 
Article by I. M. Loren 
We would like to obtain 

lated copy or the original for retention 


Ready for rapid i in our library. Could you info m 


is to where we might obtain 


“= 


. , copy? 
delivery...meet Special Weapon 
: Canadair, Ltd 


rigid requirements " Montreal, Canada 


Ditto 


lo THE EpiroR 
Please refer to the November 1957 
ITEM: edition of ContTrot ENGINEERING 
Model 1437 (NAS-710, style RRIS) magazine. On page 204 of this issuc 
RESISTANCE: 100 to 160,000 2 under Abstracts is an item titled 
LINEARITY: 0.5% to 0.1% “Simplifying Control Math”. ‘This 
RESOLUTION: to 3900 wires article is from “Ueber einige Verfah 
ren zur Behandlung von Regclungs 
ITEM: Differentialgleichungen vierter Ord 


Model 1750 (NAS-710, Style RRIS) nung und ausgewahlte Anwe ndung 
RESISTANCE: 100 to 300,000 © beilspiele” by I. M. I orenz, published 
LINEARITY: 0.5 to 0.1% in “VDI-Forschungs-Heft , No. 460 
RESOLUTION: to 5,000 a 1957, Dusseldorf, Germany. 
Engineers in our company are anx 
; ious to obtain a copy of “VDI-For 
oveM: schungs-Heft” or this article and 
would like a list of articles from the 
same source containing similar in 
formation. 


Other Models from 74” to 3” 
“Giannini Technical Notes’ announces diameter. Ganged units are 
various instruments and controls which externally phaseable. 





are available for 24 hour delivery Woodward Gov 


Rockford, Il] 


Our Bonn News Bureau says to con- 
tact VDI-Verlag Gmbh, Bongard- 
strasse 3, Dusseldorf, Germany, to ob- 
tain copies of “VDI-Forschungs-Heft” 
or “VDI-Nachrichten”, a supplement 
to it. Publisher is the Association of 
German Engineers (Verein Deutscher 
Ingenieure), Dusseldorf. The VDI- 
Nachrichten appears every two wecks. 
Foreign annual subscription rate is 
DM 19.60 plus postage. Fd. 
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density 


Accurately measuring liquid density, specific gravity, percent 
solids or related quantity, the AccuRay Density System applies 
nuclear radiation measurement to process control. Without 
contacting the process material, measurement is made 
continuously, independent of flow rate, pressure or viscosity. 
The AccuRay System is stable and rugged—designed to withstand 
shock and vibration under the most adverse industrial conditions. 


etter 








Please send complete details on AccuRay 
Continuous Flow Density Systems 


Name 


/On dustrial ee 


ucleonics 


1 ON 
Columbus 12, Ohio City 


corer? OR AT 


1159 Chesapeake Ave. 
Application 


Manufacturer of Nucleonic Industrial Process Control Systems 


The World's Larges? 





For Optimum Pressure Control, Specify BS<2B 
72-14 Pressure Controllers And Transmitters! 








PRESSURE REDUCING CONTROL 


or a 


HI-LOW PRESSURE ~777777 
SAFETY SHUT-OFF 
CONTROL 

















"FEATURES OF POWER UNIT: 


_® Three-To-One High Capacity Relay 











BACK PRESSURE CONTROL 





if 
t 
= 
t=) 

DIFFERENTIAL PRESSURE 
Ask Your BS&B Sales En-. 


jel Sipe eter .+-FLOW CONTROL 
Write For Catalog 72-14. 


Controls Division, Dept. 4-ES4. 
7500 East 12th Street 
Kansas City 26, Missouri 
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George W. Hoover 





started with the inside man 


Watching a Navy pilot struggle with a problem in 
a Link Trainer one day in 1938, an instrument 
instructor suddenly saw that the procedure was all 
wrong. With his instruments, instructor George 
Hoover knew exactly what the pilot’s position was 
every minute, but the man inside the trainer had to 
sweat to find it. “I’m getting the nght information,” 
reasoned Hoover, then an aviation machinist 2nd 
class—naval aviation pilot, “but the man in the 
trainer 1s not. 

To remedy the situation, Hoover first rigged a 
plotting board inside the training machine; then he 
built a device on which the trainee could solve navi- 
gation problems. That’s when a brand new idea 
occurred to Hoover. What was really needed, he 
decided, was a dead reckoning tracker, something to 
automatically tell the pilot where he is. 

Since that time 20 years ago, George Hoover has 
been pressing his philosophy—“to give the man the 
right kind of information”. In 1942, while assigned 
to the Navy's Special Devices Section, he designed 
and built (and patented) the first cockpit instru- 
ments which automatically gave a pilot both posi 
tion and attitude. These pioneering devices com 
bined a mechancial computer (to solve navigation 
problems) with a polarized film instrument to indi 
cate attitude. Its devices were starkly 
simple: an air speed indicator, a compass, two gyros, 
and a manual wind input. 
fully flown in 1945. 

But the cockpit concept actually lay dormant until 
1952. Assigned to the Office of Naval Research, 
Hoover reopened his efforts to simplify cockpit 
design, this time working with Douglas Aircraft Co 
and Bell Helicopter Co. The first results of this 
effort matured last fall, when the Hoover concept 
turned up as a revolutionary cockpit design (CtE, 
Dec. '57, p. 29), one that uses an electronic digital 
computer to feed a flat phosphorescent tube. 

For Hoover, the simplified cockpit was another 
step in what is turning out to be a remarkable Naval 
career. George Hoover joined the Navy in 1934 to 
fly. He won his wings as an enlisted-man pilot in 
1937, and became an instrument instructor shortly 
after. Because of some fruitful tinkering on the Link 
trainer, Hoover was assigned to the Special Devices 
Section from 1942 until 1949. During that period, 
he was commissioned as a warrant officer, later as an 


sensing 


The design was success 
5 


ensign. And at the end of the war, he 
permanent commission as an AED 
engineering duty) officer 

In 1949, the Navv sent Hoover the Universit 
of Nebraska, where his extensive practical knowledgs 


and experience got a chance to catch up with theor 


iccepted a 
1eronautical 


Hoover earned a BS in physics in two years. ‘Then he 
joined the Patuxent Naval Air Station as instru 
ment officer. And in 1952, he was transferred to the 
Office of Naval Research to set up an instrument 
program. ‘Today, 43-vear-old Commander Hoover 
he looks about 30) is manager, aircraft svstems, Ait 
Branch, Office of Naval Research 

Throughout his work, Hoover has clung to the 
idea that you can’t ignore the man in any 
system. During the past five vears particularly, he’s 
been a missionary spreading the word about what he 
feels is the true relationship between man and ma 
chines (CtE, Mar., p. 81 

Information, he believes, is the link 
be told what the situation is (in 
he is 


contro] 


Man has to 
in airplane, where 
at every instant, and what to do. He sav 

“Controls are important, but man can't 
them without the right kind of information 


Hoover feels strongly that stre 


operate 


fundamental 


APRIL 1958 





Another Example of Electronics Progress at Hoffman 














Operating 
Voltage 


Maximum Change 
in operating voltage 


@ 10mA and25°C}] —55 to + 100°C 


Maximum Dynamic 
Impedance 
@ 10mA 








(Volts) 


(Volts) 


(Ohms) 





8.4 = 5% 


014 


15 





84x 3% 








.007 








15 








Operating and Storage Tempera- 
ture Range: —65 C to + 150 C 


Lightweight and rugged for airborne applications 
Hoffman . . . leader in silicon semiconductor devices . . 
sub-miniature ZENER REFERENCE ELEMENTS, specifically designed to maintain a constant 
DC voltage level under extreme Temperature, Shock and Vibration conditions. This new 
light weight . . . 8 grams . . . “Circuit commander” is ideal for use in applications demanding a stable 


and reliable voltage reference 


. now offers this new line of 


. in a case designed for miniaturized and printed circuit mounting. 


Types INI530 and INI530A are available from stock to specifications per the chart above. 
Write for complete information, Technical Bulletin T1B 28-58 


Electronics 
CORPORATION 


SEMICONDUCTOR DIVISION 
930 Pitner Avenue ° Evanston, Ill. Silicon 
Zener Power 
UNiversity 9-9850 Regulators 


Hoffman @ 
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LEADER IN DIFFUSED JUNCTION SILICON SEMICONDUCTORS 





Silicon 
Junction 
Diodes 


icro-Miniatur 








- - » A CONTROL PERSONALITY 


= 
Progenitor of the contact analog was this combination of mechanical computer (left 


and polarized film attitude indicator (right) designed and built by Hoover in 1942 


is the way to solve research problems like these man- 
machine ones. He thinks the U.S. relies too much 
on experts. Says he, “Things are changing so fast 
that even an expert can’t keep up. Only the funda 


mental laws of nature don’t change.” 

Following fundamentals has worked for Hoover. 
He's chalked up a sizable list of achievements. He 
was responsible for the design of the standard Link 
‘Trainer and for the first operational flight trainer; 
for bringing the Martin Baker ejection seat to the 
U.S. in 1947, and for the first high-altitude plastic 
balloon project. His plan: to drop a missile from the 
balloon to get high-speed and high-altitude data. 
Some Navy planners thought the project was a joke, 
but Hoover's balloon launchings were a_ success. 
And soon other balloon projects developed to com 
plement his research into cosmic rays, the most 
recent success being the Air Force’s Project Farside 
(in which a missile was shot from a high-altitude 
balloon). 

Then in 1954, eager for data on man’s problems 
in outer space, Hoover invited a group of dis 
tinguished scientists to a meeting in his office. ‘Vo 
this group—which included Fred Whipple, Dr. Fred 
Singer and Werhner Von Braun,—Hoover proposed 
a project that was to become Project Orbiter, thc 
forerunner of the Army’s satellite program. 

Inventor Hoover (he holds 6 patents and has 4 
more pending) shoots some strong anti-inventor 
ammunition. He says, “Invention inhibits thinking. 
When you invent something, invariably you freeze 
vour thinking. Invention should be a rake-off or by 
product of a project, not the goal. If it isn’t, you get 


the invention and end up modifying it for the next 


20 years to try and make it work.” 

Instead, Hoover urges creative thinking. “There 
only one right answer—the ultimate objective,” h« 
says. “On a new project we don’t look at the state 
of the art until we've set all the objectives and 
requirements.” 

All this adds up to an unusual twist in weapons 
system design. As Hoover puts it, “The 
for which there is no counterweapon is a_ better 
brain. Therefore, what the U.S. ought to be doing 
is getting more wisdom along with building better 
weapons.” And for this, George Hoover thinks there 
is no replacement for man, 


only weapon 


Tomorrow’s aircraft cockpit ; 
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The Lockheed ELECTRA 
Takes the Drafts Out of Heating 


Most sophisticated auto- 
matic temperature con- 
trol system in a commer- 
cial transport runs first 
aircraft radiant heating 
system to improve pas- 
senger comfort. 


Ihe sleek-looking plane shown 
above on its first air flight is the Lock- 
heed Electra, the U.S.’s entry in the 
competitive turboprop aircraft market. 


Lockheed feels that the Electra’s new 


radiant heating system—with the most 
sophisticated automatic temperature 
controls ever designed for commercial 
transports—provides a solid improve- 
ment in passenger comfort, gives it a 
healthy edge over other plane makers. 

Using an air conditioning system 
supplied by AiResearch Mfg. Co., 
Lockheed has abandoned the conven 
tional (and usually drafty) high-velo- 
city forced-air system. Instead, the 
company is using a low-velocity sys 
tem. The big complaint raised against 


20 CONTROL 


ENGINEERING 


low-velocity systems—stratification of 
air—is handled neatly by radiant heat 
ing panels in the cabin walls and floor. 
hese panels also compensate for sen 
sible heat lost by conduction through 
the walls, windows, and floors of the 
Electra. 

Another unusual twist to the system 
is the fact that the cabin, which uses 
radiant heating, and the flight deck, 
which does not, have their own, inde- 
pendent temperature control systems. 

The cabin system actually controls 
three different methods of heating, 
and two of cooling. Heat is supplied 
by electric units in the air ducts (fot 
on-ground comfort), by compression 
(to warm incoming fresh outside air) 
and by radiant heat (to keep cabin 
temperatures at the programmed 
level). Cooling is accomplished by 
by-passing compressed outside ait 
around an air-cycle cooling turbine, or, 
for a higher rate of cooling, by turning 
on a Freon refrigerating unit. 

These various air-conditioning tech 
niques are scheduled in response to 
demand by a series of control circuits 
mechanically linked together. ‘The 
cabin programmer (see photo at right 
employs a magnetic amplifier driven 
by a bridge network consisting of the 
cabin temperature selector, cabin tem- 


perature sensor, and a thermally lagged 
anticipator to damp the system. ‘lhe 
output from the amplifier drives the 
program motor, which positions the 
cabin program shaft at a rate propot 
tional to the input error caused by the 
bridge unbalance. 

The main program shaft directly 
controls the Freon selector (for re 
frigeration) and the radiant panel se 
lector. Following these selectors is a 
second motor which, with the main 
program motor, drives the selectors for 
the duct heaters and the air-cycle sys 
tem (which brings in fresh outside ait 
through a differential gear. Its signal 
comes from a bridge that reports the 
error between cabin temperatures and 
duct temperature. This keeps the 
temperature of air entering the cabin 
from exceeding the cabin temperature, 
except for quick warm-ups 

For radiant heating, the cabin is 
divided into four separate zones: a 
master zone and three slaves. All the 
radiant panel temperatures are con 
trolled by separate temperature set- 
tings in the individual control circuits 
In addition, the slave zones have an 
added air temperature sensor to bias 
the output of the main program-driven 
selector. That means that the air 
temperature in each zone is main 





tained equal to the air temperature of 
the master control zone. 

lhe master cabin temperature sen 
sor consists of seven bead- and disc 
type thermistors, each calibrated to 
tolerances so close that they are inter- 
changeable with temperature errors of 
less than 4 deg F. 

Here’s how the overall system works. 
In flight, the pilot sets a desired cabin 
temperature by turning a_ rheostat 
on the instrument panel (he sets a 
desired temperature for the flight deck 
by turning a second rheostat, also 
starts its separate program shaft oper- 
ating). ‘The programmer then sends 
heat (or cooling) into the mastei 
zone, which is the main cabin, to 
ichieve the desired temperature. As 
long as there is a difference be- 
tween the actual temperature in the 
master zone and the programmed tem 
perature, the bridge circuit is unbal 
anced, and an error signal goes to th« 
motor amplifier. If the actual tempera 
ture is too low, more heat will be sup 
plied by the radiant panels; if the 
temperature is too high, less heat will 
be supplied. 

\t the same time, incoming fresh 
air is going through the compressors, 
which heat it (with the Freon re- 
frigerant turned off Desired cabin 
temperature is obtained by by-passing 


position indica- 


Program | 


right ut pointer 
positior f the cabin 


Inner pointer 


to show the 
air-cycle 
any 

bove 
sched 

mean 

) ) rds Air 
cvcle output shaft has bank 


of duct heater switches 


the right proportion of air around the 
compressor, then mixing the heated 
and unheated air before its entrance 
at low pressure and velocity into the 
cabin. 

If by-passing is not sufficient to cool 
the incoming air to the desired tem 
perature, the Freon refrigeration sys 
tem is turned on, adding sufficient 
cool air to reach desired temperature. 

(he system is so sensitive, says 
Lockheed, that cabin sensors can de 
tect a group of passengers congregat 
ing in any area. ‘The system will then 
make necessary changes in tempera 
ture for the increased activity. The 
company says that steady-state air 
temperatures at the sensing elements 
both on the flight deck and in the 
cabin) are maintained within 1| deg | 
of the selected temperature (deadband 
less than 2 deg | 

Ihe system has one other feature 
for quick warm-ups. Special doors have 
been built into the ceiling to permit 
the direct entry of hot supply air. ‘The 
signal for this action is generated by a 
cabin which must be _ large 
enough to cause supply air to exceed 
cabin air by more than 5 deg I 

Scheduled flights of the 400-mph 
Electra will start next fall. First de 
liveries to airlines (11 have ordered 
144) will start in Septembet 


error, 


WHAT’S NEW 


Hughes Puts 
Digital Control 
On the Line 


LOS ANGELES 


With over 95 percent of its sale 
stemming from government detense 
Hughes Aircraft (¢ last 
month moved to its depend 
ency on military work, took careful 


orde rs, 


educe 


iim at the burgeoning numerical con 
trol held. At l ( et plant 
vood, Calif., Hughes 


] 
unveiled a new 
punched tape control system a 


in Ingle 


to a line of machine tools that 
ift parts 
Hugh hha aon ] upp] 


turning out airc! 
What 
this punched tape tem to three dif 
ferent Kearn 
tools 1 milling 
machine, and a 
ilso developed 
matic transf¢ 
market the 
Digitape, throug] 
Here’s how 
used. From a 
be mad 
dimensions and 
machining operation 
planning sheet. It is then 
onto 8-hole pun hed tap 
| ich tap ci¢ 
for a specihe setuy 
chine. The line 
to perform su 
ations on a sing! 
several parts simu 
requires milling, dri 
four identical tapes 
one for eacl 
for the tra 
part is fed 
to the mil 
controls adi 
chine; finalh 
station, the 
case, action 
chines have ct 
in progress 
If each ma hin 
different part (no oper 
quence), then the tape 
as if each machine was 
part of a line. That 
three tools will lire 
different tap 
Although Hugh 
this line to man 
craft control 
points out that Dig 
Contin 
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a LOT of Relay 


ina 
little space 


This latest Automatic Electric achievement com- ae 


pacts all the features of the famous Class “B” relay 21%" & 1%" & VX" 
: a ae : : : minimum (2 springs) to 
in minimum space and weight—with no sacrifice of 12%,” (10 springs) 
quality or ruggedness. 
LOOK AT THE IMPORTANT FEATURES 
THIS NEW CLASS "E" OFFERS: 


® miniaturized; telephone-style base mounting for rear- 
connected wiring® heavy-thickness armature arms 
prevent loss of stroke with large pileups ¢ heavy-duty 
backstop that won't break or wear oute adequate terminal 
Clearances for easy wiring long-life, lubricant-retaining 
bearing arranged to provide a visual check of the heel- 
piece airline setting without disturbing the adjustment 
© twin contacts standard; all springs bifurcated for maxi- 
mum independence @ sturdy, strain-relieved heelpiece 
insures stability of adjustment 
Class“E"' Relays are availabie 
in the following series: 
EQA—Quick Acting ESA—Siow Acting* 


ESO—Siow Operate EFA—Alternating Current p Pon 


ESR—Siow Release EMS—Snap Action Contacts Ds 
*slow operate and slow release ari “a 
Class “E"’ Relays can be supplied plug-mounted * 
(with or without cover) or hermetically sealed (max- 
imum 4 springs per pileup) in enclosure AE-3300. 
> ° ° 99% pure isn't pure enough —the relay iron we use at Automatic 
For more information, call or write Automatic Electric must meet specifications of 99.8% purity, including, for 
é ‘ = ate example, carbon content limit .02. i i i 
Electric Sales Corporation, Northlake, Illinois. Jn P of .02. To obtain highest magnetic 


4 : permeability, material is treated for periods up to 7 hours in roller 
Canada: Automatic Electric Sales (Canada) Ltd., hearth annealing furnaces. Highest standards of quality control insure 


Toronto. Offices in principal cities. the well-known dependability of AE Relays and Switches. 
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flexibility. 


\nd the line’s products 
could change tomorrow. Because each 
unit has its own control system, it is 


easy to add, replace or rearrange tools 
in the line 

Each machine tool control cabinet 
occupies about 50 cu ft. A key com 
ponent is a binary digital compute: 
with 19 basic circuits. It calculates 
position and cutting information. To 
increase reliability under varying power! 
conditions, Digitape uses a 
generator set with solid state 
tronics for a power supply. 

One major advancement claimed is 
the ease of comparing actual position 
with instructed position. Here each 
system relies on a 90-bit register at a 
130 ke repetition rate. The output is 
a signal that drives the servo posi 
tioner. Resolution is said to be 0.001 
in.; repeatability, 0.0002 in. 

Estimated cost of one complete ma 
chine is $125,000. About 40 percent 
of this sum is for control. 

l’xecutives at Hughes see Digitape 
as the company’s first serious entry 
in the field of industrial systems and 
control. They predict that the combi 
nation of numerical control and an 
iutomatic transfer mechanism will give 
job-shop metalworking the advantages 
of Detroit-type automation. 

—Micheal J. Murphy 
McGraw-Hill News 
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UAW Organizing Sputters 
- DETROII 
lor all intents and purposes the 

United Auto Workers’ ambitious 

plans to organize enginecrs have been 

dumped into mothballs for the rest of 

1958. Just about a year ago, the UAW 

was trumpeting big objectives after 

winning a representation election for 

Minneapolis-Honeywell’s control en 

Chen UAW set its sights on 

several independent unions in the ai 

craft industry and a couple already 
represented by the Engineers & 

Scientists of America. 


gineers. 


But shortly after the M-H victon 
UAW had their win reversed. In a 
second election, the M-H engine« 


voted to decertify. The setback slowed 
UAW plans, made lea:ers realize that 
the job of organizing engineers would 


be no pushover 


Some union brass felt 
that maybe their “pitch” wasn’t just 
right for engineers. At the same time, 


unions already representing engineers 


nastily strengthened their hold on 
members. 
Now UAW is getting ready to facc 


up to what could be tough negotia 
tions with the big three auto com 
panies. The union feels that the re 
cession and disappointing auto sales 
may put steel in the automakers’ ap 
proach, complicate negotiations. A 
top union official said, “We just don’t 






have the staff to be active in organizing 
engineers with current big three auto 
company negotiations coming up.” 

On top of that, union brass admit 
that the Minneapolis-Honeywell up 
set gave management a psychological 
victory. As one official put it, “It 
didn’t help. How much it really hurt 
we still don’t know.” 


ISA Symposium Looks at 
the Maintenance Problem 


Over 400 people from all parts of 
the U.S. gathered in Wilmington, 
Del. on Feb. 3 and 4 to kick off ISA’s 
newly formed Chemical & Petroleum 
Industry Div.’s first meeting. Sub 
ject of the svymposium-type gathering: 


‘Progress and ‘Trends in Chemical 
and =Petroleum Instrumentation” 
One trend emerging strong is_ th 


growing concer ove! maintenanc 


] 
roblems (see page 73). 


Among the outstanding presenta 


tions was Jim Combs’ (Monsanto 
Chemical Co.) report on “Process 
Stream Analyzer Maintenance and 
Sample System Design”. Combs 


made three main points: first, the im 
portance of the stream analyzer in 
making a product determines the im 
portance attached to its maintenance; 
second, the process, the analyzer, and 
the sampling svstem must be con 
sidered as complete problem; and 
lastly, the analyzer must be 
large enough to allow personnel to 
perform maintenance in comfort 
Reviewing the objectives of sam- 
pling system design, Combs listed 
points: to obtain a representa- 
tive sample, pretreat it for transmis 
sion, transmit it to the analyzer, con 
dition the sample for admittance to 
the analyzer, control sample pressure 
ind flow, distribute sample and refer 
ence gases, and make sure the sample 
ippropriately vented. 


house 


these 


[his paper triggered a flood of 
questions from the audience. ‘Typical 
queries: What type of filter to usc 
in the sampling system? Combs’ 
inswer: 10 micron cartridge-type for 
solids and liquids. Do you ground 


analyzers? (Yes, to eliminate 
Where do you get 
accurate reference samples? (Mon 
santo makes its then waits 72 
hours to assure components do not 
stratify.) Do you have to design your 
‘sampling systems? (Yes, for 
the present; but Monsanto plans to 
rely more on manufacturers of stream 
analyzers for sampling systems.) 
One of the vocal 
Was a panel on contract maintenance. 
Presenting contractor viewpoints were 
Neil Blair and Web Willis, both 
of Panellit Service Co. Ed Roth, 


electric 
60 cps pickup. 


own, 


own 


most sessions 
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instrumentation Coordinator at ‘Lid 
water's Delaware City refinery, took 
the user’s view. Most of the discu 
sion centercd around how Panellit 
maintenance contract, in force now 
for over a vear at Delaware City, ha 
been working out. No dollars and 
cents figures are vet available fot 


publication, but both side felt that 
it has worked it pretty well. How 
ever, thev also indicated that a lot 
of improvement 1 still necessary to 
reach the level of plant efhcienci 
needed by the client and the level of 
profit wanted by the contractot 

IBM’s Vice-President Cuthbert 
Hurd, speaking at the banquet 
warned of present perils in the scienc 
fields, particular! instrumentation 
As he sees it, the U. S., with ] than 
half as much qualified personnel 
must double its | 


esent ecfttorts if it 
is to retain milita ind economic ad 


( 
ia.—Harry R. Karp 
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Controlled rectifier . .. 








































































































































































made its public debut at the 
IRE show. The silicon device, which 
promises to replace the thyratron in 
many applications, was developed by 
GE’s Semiconductor Products Dept. 
This sample can handle loads varying 


from 200 to 1,000 watts at a stud 
temperature of 125 deg C. When 
switching at full rating, the con- 
trolled rectifier dissipates only one- 


halt of 1 percent of the controlled 


power (CtE, March 1958, p. 132) 
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STATHAM MODEL 
flush diaphragm 
sure transducers 
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STATHAM MODEL A52 
linear accelerometer 


DIMENSIONS 25” di DIMENSIONS: .32” wide 
ameter x .47” long x .35” high x 84” long 
WEIGHT: 3 grams, ap WEIGHT: 8 grams, ap- 
proximately proximately 
RANGES: 0-10 to 0-200 

RANGES: +5 to +100 g 


psia, psig, or psid; 
“5 to +25 psid NON-LINEARITY & HYS 
NON-LINEARITY & HYS TERESIS: Not more than 
TERESIS: Not more than ~1% fs 

9, 


“1% fs 
TRANSDUCTION: Resis TRANSDUCTION: Resis 
tive, complete, balanced 


tive, complete bridge 
Statham unbonded strain bridge; Statham un- 
gage bonded strain gage 


Statham’s reliable 
line of pressure transducers 
and accelerometers are dé signed 


accurate, 


to meet the exacting 
re quireme nts of today’s missile and 
supersonic aircraft programs. 
Let us assist you with your 
instrumentation problems, 


“Model shown actual size 


Complete data are available upon request 


INSTRUMENTS, INC. 
12401 W. Olympic Bivd., Los Angeles 64, California 
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The Submarine 


Up to now, the sea-going Navy 
has shied away from systems-engi- 
neering its ships. Instead, the Navy 
has preferred to develop each major 
portion of the ship separately: the 
power plant, fire-control equipment, 
communications gear, and navigation 
equipment. But now, in a_ small, 
crowded, second-floor room at the 
Office of Naval Research, the fleet’s 
first systems engineering project is 
taking shape. It’s a submarine that 
“flies” through the water. 

Named Project Subic—In Project 
Subic, the Navy is applying the svs- 
tems approach to a complete sub- 
marine design. But Subic is 
than just a first effort at svstems engi- 
neering; it could revolutionize the 
U.S.’s defense plans by providing the 
country with mobile underwater mis- 
sile launchers that are difficult—if not 
impossible—to defend against. 

\s a starting point, the Navy has 
adopted the premise that a submarine 
is closely related to a space ship; the 
major difference is the medium in 
which the vessel operates. Space ships 
and submarines have features 
in common: 

> Both must supply a_ satisfactory 
environment for their crews for long 
periods of time. 

P Both must perform their own 
logistical support for long periods of 
time. 

P The problems of control are 
identical. The biggest one is in- 
formation: how does a crew know its 
position at all times? 

> Both need a true inertial space 
sensor to supply space information. 

P Escape and survival problems are 
almost equally difficult. 

It started with atoms—It took the 
Navy's atomic-powered — submarine 
Nautilus to start the kernel of the 
Subic project growing in the Navy. 
The Nautilus gave the fleet its first 
true submarine: with its atomic-pow- 
ered plant, the Nautilus cruises better 
underwater than on the surface. In 
addition, ONR has a flock of recent 
Navy-inspired scientific developments 
to draw on for project Subic. Many 
of these emphasize the similarity of 
the sub to a space ship. For example: 

> The sleek underwater design of 
the Albacore-type hull, which makes 
submariners talk of “flying subs” 
through the water. The Albacore hull 


more 


these 


that Flies 


is the first designed particularly for 
high speeds underwater. 

> A ship inertial navigation system 
(SINS) that flies the submarines un- 
derwater. 

> The contact analog (CtE, Dec. 
1957, p. 29) which will give a sub- 
marine commander detailed informa- 
tion about his position and attitude 
on a television-like screen. {Said a 
submariner to Navy air man Comdr. 
George Hoover, who sparkplugged 
the development of the contact ana- 
log, ‘“This thing is even better for subs 
than it is for planes.”’) 

>The Polaris, a  dry-propellant 
missile which will give the submarine 
a 1,500-mile-range weapon. 

> A seaborne digital computer de- 
veloped for the ASROC (Anti-Sub- 
marine Rocket) program. 

Although cautious scientists at 
ONR say it will be three to five years 
before any of the Subic-class subs join 
the fleet, it’s possible to put together 
now a picture of what this super- 
weapon will look like. It will have a 
hull with underwater streamlining 
similar to that of the Albacore; its 
nuclear reactor power plant will be 
designed with a missile launching mis- 
sion in view; navigation will be per- 
formed by a specially designed sea- 
going inertial guidance subsystem; and 
the size of a submarine will permit the 
use of a central digital computer to 
solve both navigation and fire-control 
problems. 

e Six-in-one controls—Probably the 
biggest change from present tech- 
nology will take place in the control 
system. Command of the sub will 
be exercised through control of six 
basic loops: ship control, engineering 
control, communications, casualty 
control, environmental control, and 
weapons or fire control. In the Subic, 
these control loops will be integrated 
into a single system whose overall con- 
trol is exercised by one man. (At 
present each is a separate system. 
Recently it’s been possible to com- 
bine steering and diving into a single 
loop, controlled by one man. 

It’s still too early to say when the 
first Subic-type sub will be launched. 
But the place will be Groton, Conn. 
System manager for the project is 
Electric Boat Div. of General Dy- 
namics. And working closely with 


ONR is the Navy’s Bureau of Ships. 





HIGH STABILITY 

FOR —55°C to + 85°C OPERATION 
HIGH CAPACITANCE 

SUBMINIATURE SIZES 

LONG SHELF LIFE 


ek 


~ A Now SN 
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ACTUAL SIZE 


SERIES TW WIRE-TYPE TANTALUM CAPACITORS SERIES TF FOIL-TYPE 

These new subminiature, wire-type units feature greater capacitance per unit These capacitors are tantalum foil, 
volume, lower leakage current and power factor, and small capacitance drop electrolytic units designed for low 
at extremely low temperatures as compared to other types of electrolytics. voltage AC and DC applications 
Ultrasmall for low-voltage DC transistorized electronic equipment, these new where small size, top performance, 
tantalum capacitors have high stability, high capacitance, long shelf life, and ee 
excellent performance under temperature extremes of —55°C to + 85°C. Avail- usually camabalt and operatin g life. 
able in eight subminiature sizes; 0.1 to 80 mfd. over-all capacitance range. 





CASE SIZE D* a° 








UNINSULATED INSULATED J He" 14,6" 
D (inches) L (inches) D L re i. 
K 2 %e 
.075 (56s) 156 (%2) 082 -203 
ye" 1%e" 

















.075 (Sa) .187 (Ke) .082 .234 L 
.095 (%2) .172 (%d) .100 .218 

095 (%2) .250 (%) -100 312 
.125 (Ye) 312 (%e) -134 .375 *Add %" to L and #" to D 

-125 (Ye) 500 (14) .134 562 when insulating sleeve is used. 
125 (Y%) 625 (%) .134 687 ; ; 
.125 (Ye) .750 (%) .134 812 Three sizes now available; .25 to 140 
mfd. over-all capacitance range. 
ed 2 . Standard tolerance is + 20%. Work- 
Smallest size is .075 (5¢) x .156 (54) inches; the largest is .125 (4%) x .750 (34) ing voltage up to 150 volts. Polar 
inches. Five stock sizes (*) are available in a wide range of capacitances and and nonpolar units are available. 
voltages. Units insulated with a tough Mylar® plastic sleeve can be furnished. Bulletin 152. Design and construction 


Write on company letterhead for Bulletin 148B. meet military specification MIL-C- 
3965, paragraph 3.3. 
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"As QUALITY : 3674 Howard Street, Skokie, Illinois 
RESISTORS + RELAYS + TAP SWITCHES omponents 


RHEOSTATS * TANTALUM CAPACITORS 
VARIABLE TRANSFORMERS 
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At the sprawling U. S. Borax & Chem- 
ical Corp. refinery in Boron, Calif. 
Robertshaw-Fulton Tektor Level 
Controls keep watchful, automated 
eyes on the crude borax ore as it 
moves from the pit bottom into the 
refinery’s giant thickeners, crystal- 
lizers and dryers to eventually emerge 
as derivatives used in heat-resistant 
glass, gasoline and in rocket fuel 
research. 

Installed as high and low level con- 
trols in each of the huge receiving 
tanks, the R-F Tektors indicate auto- 
matically when the ore has reached a 
predetermined level. A built-in relay- 
actuated switch operates motor-driven 
valves and pumps to switch the feed 
from one tank to another. 

Installed more than six months ago, 
U. S. Borax engineers report the in- 
struments have been operating with 
extreme accuracy and have required 
no maintenance. 

Thousands of Tektor Level Con- 
trols are now in use throughout the 
world, operating in various liquids, 
powders, granular and bulky mate- 
rials and under almost all conditions 
of temperature, pressure or vacuum. 
The unit is available in four different 
types of enclosures including an ap- 
proved explosion-proof type for 
hazardous locations. For further in- 
formation write for Technical Bul- 
letin F-101-4. 


Other Tektor applications: Liquids, including water, acids, alkalies, 
oils and viscous liquids; powdered materials and bulky solids. 
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Conclaves Ahead 


Here are some April meet- 
ings that accent the growth 
of sophisticated control 
among machinery design- 
ers and users. At the 
Design Conference, the 
spotlight is on servo sys- 
tems at work. 


ASME DESIGN ENGINEERING 
CONFERENCE, APRIL 14-17 


This vear’s ASME Design Confer 
ence, scheduled for Chicago's Amphi 
theatre, indicates a new interest in 
sophisticated control by the designers 
of machinery. For example, both 
papers in the first mechanical session 
of the conference—Tuesday, April 15 

impinge on the control field. One 
is “Mechanical Memory Devices” by 
\. Mirel, American Machine & 
loundry Co.; the other: “Automatic 
Inspection Devices” by D. H. Mc 
Connell, Shefheld Corp. 

Ihe two control sessions are d« 
voted almost entirely to presentations 
of servo systems at work. In_ the 
l'uesday session, the technical papers 
to be presented are: “Electrohy- 
draulic Systems on Machine Tools” 
by E. J. Rivoira, Cincinnati Milling 
Machine Co., and “‘Electrohvdraulic 
Control Systems for Aircraft Applica- 
tions” by F. L. Moncher and L. D. 
l'aylor, Vickers, Inc. 

In Wednesday's control session, 
both papers tackle problems in de 
signing servo systems. The first, en- 
titled “Integrating Mechanical and 
Electrical Design in Servo Systems”, 
is by W. L. McCann, Giddings & 
Lewis Machine Tool Co. The othe: 
paper is “Solving Mechanical-Electri 
cal Problems on Servo Systems” by 
G. Ertell, General Electric Co 

In the General Engineering session, 
one of the papers appears to hav 
special interest to control engineers. 
hat’s the presentation, “Information 
Center of ‘Tomorrow’, in which A 
Kent and J. W. Perry of Western 
Reserve University describe present 
and proposed methods for analyzing 
storing, selecting, and retrieving en 
gineering and scientific information 

Along with the conference will b 
the 1958 Design Show, featuring ex 
hibits by more than 400 manufac 
turers. Advanced registrants will re 
ceive a plastic inquiry plate (much 





true hermetically sealed solenoids 


Just like a sealed vacuum tube! True hermetic sealing around a 
solenoid ... glass seal terminals, lugs, and connectors. All welded and 
brazed construction. Completely plated after assembly. Exceed most 
requirements of military specification MIL-S-4040 (USAF). Priced 


at approximately the same level as conventional types. 


high-temperature solenoids 


These modern new solenoids give you a reasonable life expectancy 

at temperatures as high as 350° C. A by-product of hermetic sealing. 
Class H insulation combined with inert gas filling add those necessary 
extra few degrees needed in your temperature limits... make 


these solenoids exceptional high-quality, high-temperature units. 


...and those unusual specialties you look for! 

Having trouble finding solenoid specialties? Here at Cannon, we'd 
like to help you. Standard production now includes multiple-strip 
solenoids for keyboard operation, locking types requiring no 
holding current, and miniatures and sub-miniatures 

¥,” diameter. In addition, our expanded solenoid engineering 


department is ready to serve you at any time. 


CANNON ELECTRIC CO., 3208 Humboldt St., Los Angeles 31, Calif. 
Please refer to Dept. 422 

Factories in Los Angeles, Salem, Mass., Toronto, London, Melbourne. Manufe 
licensees in Paris and Tokyo. Representatives and distributors in al 


See your Telephone Yellou Book. 


Please ask for latest SR-S releases and/or Solenoid Bulletin. 
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Require less than 

1 cubic inch of space 
and weigh less than 
1; 02 


Muirhead size 10 servomotors are now in| 
production, their small size and low weight | 
make them very suitable for miniaturized | 
systems. They conform to standard size 10} 
frame, giving them an overall diameter of | 
0.940” max. and overall length from the front 
face of the spigot to the ends of the connexion 
tags of 0.978” max., weight is 1.45 oz. 


| 

Body material is black dichromate finished | 

stainless steel. The stainless steel spindle is 

hobbed to produce an involute pinion of 13} 

teeth, 120 D.P., 0.1245"/0.1240" O.D., 0.1083’/0.1078" P.C.D., 20° pressure | 
angle. Bearings are also of stainless steel. Windings are protected by | 
encapsulation in epoxy resin. Electrical connexions are made by| 
soldering to the connexion tags. 


Two models can be supplied, Type 10M 10 A 1 for 115V 400c/s supply and 
Type 10M 10 A 2 for 26V 400c/s supply, spindle length for these is 0.327’ 
Max. Each of these models has a variation, Type 10M10B1 and} 
Type 10M 10 B2 respectively, where the spindle length is 0.171” max. | 


| 





VOLTAGE RATING Min. Min. No. 


Torque Load 


TYPE 
at Stall Speed 


Control Windings 
NUMBER 


Reference 


Winding series parallel oz. in. rev/min. 





10M 10 Al 115V 36V 18V 0-28 
10M 10 BI 115V 36V 18V 0-28 
10M 10 A2 26V 26V 13V 0-28 
10M 10 B2 26V 26V 13V 0-28 


6500 
6500 
6500 
6500 | 





Data Sheets giving full information on request 


MUIRHEAD 


MUIRHEAD INSTRUMENTS INC., 677 Fifth Ave., New York 22, N.Y., U.S.A. | 
MURRAY HILL 8-1633 | 


MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 


TELEPHONE 3717 
MUIRHEAD & CO. LIMITED, Beckenham, Kent, England | 
330/3 | 





BECKENHAM 4888 
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like a charge plate at a department 
store) with their name and address 
embossed on it. The plate is ex 
pected to reduce filling out literature 
requests and is being used here for 
possibly the first time 


AUTOMATIC CONTROI 
rECHNIQUES, APRIL 14-16 

The first joint conference on auto 
matic control techniques is scheduled 
for Detroit’s Hotel Statler, April 14 
to 16. A joint venture of AIEF, 
ASME, and IRE, the meeting will 
bring together members of different 
societies interested in the use of ele 
trical, electronic, mechanical, hy 
draulic, and pneumatic media to solve 
automatic-control and data-handling 
problems for industrial production 

Papers cover a variety of indus 
tries. For instance, for utility control 
engineers, A. C. Hartranft and F. H 
Light Jr., Philadelphia Electric Ce 
will present a “Survey of the Applica 
tion of Automatic Control Devices 
for Electric Power Generation’. At 
least two articles will discuss steel 
mill control. And three others will 
tackle phases of 
control for machine tools 

Other speakers will discuss applica 
tion of computers and automatic data 
processing in fields that range from 
highway design to manufacturing pro 
duction control. 

Co-chairmen of the meeting arc 
G. W. Heumann (General Electric 
Co.), who is head of the AIEF Joint 
Div. Committee on Automation & 
Data Processing, and T. H. Belcher, 
Michigan Bell Telephone Co 


various numerical 


California Union Okays 
Fifth-Year Training 
In Electronic Controls 


SAN FRANCISCO 
In California, a move to add a 
fifth year to an electrician’s appren 
ticeship—a year devoted to electronics 
received the blessings of the state 
organization of the International 
Brotherhood of Electrical Workers 
The state labor group—called the 
California State Association of Elec 
trical Workers——gave as its reason 
for recommending the fifth year the 
increasing use of automatic controls 
in industry. This, it said, makes it 
necessary for an electrician (or inside 
wireman, as he’s known in the con 
struction industry) to know how to 
install electronic controls 
IBEW 


spokesmen in the San 














WHITTAKER CONTROLS [he largest deve 
er and Duider f custom built heet t 
ance hydraulic, pneumati and fuel valves 
controls, and regulators for advanced missile 


Fligee-baeme-laleMlarel't-tear-] mr) oye) ler balelar 


BRUBAKER ELECTRONICS An R & D leader 
in the field of ground and airborne IFF com 
ponents, test. & checkout equipments —IFF 
systems analysis —Air Traffic control systems 


ie Tet Taio) -T- lolelal dg Moomel-t4-lndlelae lel lileleal tale. 


WHITTAKER GYRO Leaders in electrically 
driven and spring-wound free gyros, rate and 
floated rate gyros for advanced missile sys 
tems —rate of roll, pitch and yaw indicators 


fol Mast lalalteM-liaee-bigeed ol lal a lale Mella Mlalelior- cela) 





DATA INSTRUMENTS Pioneers in equipments 

sta icCurate analysis of test data, with 
sutomatic recording on punched cards, tapes 
yr printed lists —for aircraft and missile flight 


tests, industrial and scientific applications 


ENGINEERING SERVICES Currently engaged 


nm reduction of flight test data generated by 
daily missile firings on Integrated Holloman 
White Sands Range. This specialized service 


can be performed anywhere in the worid 


NUCLEAR INSTRUMENTS Designers and 
builders of high quality, reliable equipments 
for-prelaunch checkout and testing of nuclear. 


special weapons 


DIVISIONS AND SUBSIDIARIES OF TELECOMPUTING CORPORATION 


Production-line electronic components manufactured by TC include magnetic amplifiers - capacitors - microminiature relays 
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HOW THERMIST 


Compensating for 

Temperature Effect on Transistors 
with 

GLENNITE® Thermistors 


Keeping transistor amplifier power gain constant has continually 
plagued computer design engineers. Recent experimentation 
using Glennite wafer thermistors has provided a simple, 
effective solution to this problem. 

A temperature increase in the transistor amplifier circuit shown 
above causes an increase in power gain. To maintain con- 
stant gain, a Glennite wafer thermistor is placed in the 
feedback circuit. Negative temperature coefficient 

of the thermistor causes a decrease in resistance 

as the temperature increases. The resultant feed- 

back degeneration compensates for the gain. 

Transistor gain control in computers is one 

of innumerable applications for versatile 

Glennite Thermistors. Wafer, bead, and rod 

configurations offer inexpensive solutions 

to thousands of temperature sensing, 

temperature compensation, amplitude 

control, measurements and analyses. 

and time delay problems. 


Write for “HOW TO USE 

THERMISTORS.” It outlines 

solutions to many of the above 
problems. 


Thermistor Division 


ulton Industries, Inc. Gi 


OUTOM meDUTTOMS Bet 


METUCHEN, NEW JERSEY 
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Francisco Bay area pinpointed the 
problem: “Our electronics work has 
increased 20 percent in the past three 
years.”” And industry sources foresee 
more electronics work in commercial 
and residential installations, as well as 
industrial jobs. 

California apprenticeship officials 
seem to agree that electronics train 
ing is needed; but there’s a difference 
of opinion on the fifth year of train 
ing. Some suggest tossing out certain 
portions of the present training pro 
gram and _ substituting electronics, 
thereby squeezing the whole pro 
gram into four years. 

Another proposal is to make the 
fifth year optional. A man would 
then become a journeyman inside 
wireman in four years, an inside wir¢ 
man and electronic technician in five 
years. 

Details of the fifth-year program 
are still to be worked out. Next step: 
decision by the joint statewide elec- 
trical construction industry appren 
ticeship committee on new appren 
ticeship standards. 

Local joint apprenticeship com 
mittees are not bound by the state 
group’s decisions, but they usualls 
go along. It would be up to local 
collective bargaining to decide 
whether an inside wireman would have 
to serve a five-year apprenticeship. 
If the five-year program is adopted 
by the state committee it may be in- 
corporated in some labor contracts 
due for renewal this June. 

The program would be for men 
who do electrical installation and 
maintenance work. It would not in- 
clude workers in electronic manu- 
facturing plants or television. 

—Sue Johnson 
McGraw-Hill News 


Automatic Parking Garage 
To Coddle Cars 


World’s first completely automati: 
parking garage will be built in New 
York City by Speed-Park, Inc., for 
Columbia University. Based on a de- 
sign by Mihai Alimanestiano, the ga 
rage will noiselessly park or discharge 
as many as three automobiles per 
minute. 

Automatic operation is all actuated 
by a key. When a motorist arrives at 
the garage, the cashier will remove a 
numbered key from a central control 
panel. That starts a individual meter 
recording the time and corresponding 
charge for parking. Removal of the 





FIT 12 OF THESE RECTANGULAR POTENTIOMETERS 
IN A PANEL AREA OF |1 SQUARE INCH! 


You can pack 12 Bourns TRIMPOT® potentiomet. 


the an “dale 
ne average 


l-square-inch area occupied by 


Fit the TRIMPOT into corners—between component 
a chassis or printed circuit board. Mount them individ 


assemblies. Any way you use them—Bourns f 


You can adjust Bourns potentiometers more 
The 25-turn screw-actuated mechanism gives you 9 
instead of 270°. Circuit balancing and adjusting is easier, faster 
Repeatability is assured every time. Furthermore 


self-locking—shock, vibration and acceleration have 1 


BOURNS 


carn f Laboratories, Inc. 





P.O. Box 2112-A ° Riverside, California 


ORIGINATORS OF TRIMPOTR 
PIONEERS IN POTENTIOMETER TRANSDUCERS FOR POSITION, PRE RE AND A ELERA 
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key also opens an elevator door and 


STATIC INVERTER SUPPLY sees to it that the car is picked up 


under the tires by a conveyer and 








INPUT 28V D.C, + 10% moved laterally into the elevator. 
angeresgscngiee hen the door closes and the elevator 
By hp + oritiguoatg hotel g cps + 0.0% moves to the proper floor, where the 
RATINGS: 30VA SOVA 100VA car is transported to a locker whose 
Higher ratings woatie le — is on the key given to the 

i motorist. 
| pecan ceed i When the motorist returns the key 
precise 400 cycle voltages are re- and it is reinserted in the control 
quired in aircraft, radar and missile panel, the process is reversed. Speed- 
computers. Park estimates an average time of 57 

FEATURES: sec to return a car. 
PRECISION OUTPUT FREQUENCY Also associated in the venture is the 
RUGGED Otis Elevator Co., which will manu- 
Poe onl facture, install, and maintain the con- 
FAST STARTING TIME trol hardware. 
GOOD VOLTAGE REGULATION 
throughout an adjustable range 
ISOLATED CASE DESIGN 
HIGH RELIABILITY p 
VIBRATION ISOLATED Committees Plan 
a Pipeline Control Standards 


MILITARY SPECIFICATIONS 
(Send for Bulletin $-864) 





I'wo committees of engineers in 
terested in applying automatic con 
trols to pipelines met recently in 
l'ulsa to coordinate activities in ad- 
vancing the technology of liquid pipe 
lines. The groups: the Liquid Pipe- 
line Committee of ISA and _ the 

i 
, 
; 
] 
j 


a 


Automation Committee ot the 
American Petroleum Institute. 

(he big reason for the meeting was 
to coordinate schedules of projects 
for 1958. The API committee drew 
up this program for the coming yeat 

1. Supplement bibliography on 

































































automation of pipelines. , | 
2. Conduct an industry survey on 
pipeline automation. ay 
3. Observe industry trends in auto + 
mation and report significant devel i i 
PERFORMANCE SPECIFICATIONS | opments. if 
MODEL ~ 01% CPS SIS 40311 SIS 40511 SIS 410011 4. Prepare Pipeline Industry Stand Be 
NUMBERS | ~ 05% CPS SIS 40315 SiS 40515 SIS 410015 ards for communications. 
INPUT VOLTAGE 28v DC + 10% 5. Promote cooperative efforts with 
MAX. OUTPUT POWER 30VA | SOVA [__100va established technical groups. 
OUTPUT VOLTAGE TISV AC (Adjustable = 10%) I'he ISA Committee presented a 
OUTPUT FREQUENCY 400 CPS = .01% six-point program for 1958 
400 (PS + .05% : 
a r : | 1. Establish requirements for elec 
VOLTAGE REGULATION S1% For Line Variations 2% For Load| Variations | 
| tric control valve operators for pipe- 
FREQUENCY DISTORTION 3% Maximum At Full Load 
| line service. 
LOAD POWER FACTOR +0.5 to - 0.5 Maximum 2. Obtain factual sail F 
MILITARY SPECS MIL-E-S400A & MIL-E-5272A : é. »tain - - — a _ O 
~F5°C te + 71°C when dynamic or closed-system pipelines. 
ee tee mounted to heat sink 3. Conduct a pipeline symposium 
VIBRATION 206 10 to 2000 CPS at the September 1958 ISA National 
umit pimewsions | 42 0927/8 | Ue a 2 _ [to Ay y il | Meeting. - 
H 2 13/16 H 2 13/16 4. Issue Pipeline Industry Stand 
WEIGHT (Approx.) 2 Ibs 3.5 Ibs 5 Ibs ards maintenance bulletins and _ in- 











struction manuals. 
5. Determine requirements for 
data-handling equipment for pipeline 





632 TINTON AVERUE » WEW YORK 55, LY. © 


: a applications. 
) West Coast Division == ms 6. Keep management informed 
136 WASHINGTON ST. * EL SEGUNDO, CAL. . ticies wae about terminology, business tech- 


niques, and research operations. 
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For accurate control of high pressure 
and large volume gas applications 





VicIoR EQUIPMENT Con MPARY 


Mfrs. of welding & cutting equipment; hardfacing rods 


cobalt & tungsten castings; straightline and she tting maciines 


844 Folsom St., San Francisco 7 * 3821 Santa Fe Ave., Los Angeles 58 











digital 
computer 
research 


A quiet revolution is occurring in the 
field of real-time computing and con- 
trol systems. The Hughes Digitair 
computer has already successfully 
invaded this one-time analog do- 
main. The accelerating pace in 
smaller, lower power circuit- 
elements is rapidly widening the 
digital margin of superiority. An im- 
portant part of the advancement in 
the digital control art is occurring in 
the Airborne Systems Laboratories 
at Hughes. There engineers are 
working in every phase of this excit- 
ing field. The comprehensive and 
balanced program includes: 


Research in vacuum-coating of 
entire printed circuits 


Logical design of small, high- 
speed, high capacity computers 


Analysis and design of closed- 
loop control systems employing 
digital computers 


Design of ultra-high-speed digital 
signal processing systems 


Your inquiry is invited. Please write 
Mr. J. C. Bailey. 


the West’s leader in advanced electronics 


Scientific and Engineering Staff 


RESEARCH & DEVELOPMENT 
LABORATORIES 


Culver City, California 
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WHAT’S NEW 


Simulation Answers a 
Process Stability Question 


Ihe final stage in the simulation—Emiac I analogs the closed loo; 


Simulation of chemical 
is still in its infancy in Britain. But 
in February, the technology took a 
giant step forward when a joint EMI- 
Laporte Industries team completed 
the simulation of a piant scheduled 
to go onstream in May. This was the 
first time in Britain that a whole proc- 
ess of this complexity has been suc- 
cessfully simulated, including _ set- 
tings, pipe lags, pumping and other 
characteristics. 

From this success came two r¢ 
sults: first, chemical manufacturer 
Laporte obtained full start-up and 
shut-down procedures for its plant, 
controller settings throughout the 
plant, and overall phase and stability 
margins—before the plant was com- 
pleted. Second, EMI Electronics, 
Ltd. put itself firmly into the process 
simulation field. 

¢ Verifying an approach—The com- 
pletion of this project verifies the view 
(prevalent in Britain) that a mathe- 
matical appioach can solve simulation 
problems without extensive plaut 
data. 

In this study, the process was a 
new development; it involved surge 
tanks, reaction vessels, and a 24-plate 
extraction column in a closed system 
with seven subsidiary loops. 

One reason for starting simulation 
was that Laporte’s pilot plant for the 


processes 


new process showed traces of instabil- 
ity. The chemical company felt that 
analysis was essential before proceed- 
ing to full-scale plant design. And 
because of the nonlinearities of the 
system, some kind of computing aid 
was required. 

That's when the chemical company 
teamed up with the electronics manu- 
facturer. Laporte undertook the de- 
tailed analysis of the physics involved 
in certain complex portions of the 
plant; EMI’s mathematical team, 
headed by A. H. Doveton, then re- 
arranged these to provide the transfer 
junction foi each portion. Then EMI 

anxious for confirmation of the 
validity of the mathematical model— 
synthesized Laporte’s pilot plant to 
obtain behavior correlation. 

¢ EMIAC at work—To do this job, 
EMI used the EMIAC I computer, a 
development of GATAC, Europe's 
largest commercial analog computer, 
with the successful solution of 
Britain’s Seaslug missile dynamic 
problems to its credit. 

One of the features of GATAC 
and its derivatives EMIAC I and II 
is the ease with which their variable 
mark-space multiplier systems provide 
conversion between frames of reference 
in relative motions. These systems 
eliminate the normal electromechani- 
cal servos by using time division. One 





Machining speeds tailored to wide variety 


of metals with Cleveland Speed Variator 


In the manufacture of aircraft engine components, Cleveland Speed 
fariators permit fast, accurate adjustment of machining speeds 

to the exact rpm required for various metals from magnesium 

to 38 Rc steel. 


Infinitely variable, the Speed Variator provides continuous speed 
progressions over its full 9:1 range .. . from % to 3 times 

input speed. Manual or automatic remote control instantly and 
smoothly adjusts output speed. Variator is rugged, 

compact, quiet running. 

For full details—photographs, sectional drawings, rating tables, 
specifications— write today for Bulletin K-200. The 

Cleveland Worm & Gear Company, Speed Variator 

Division, 3260 East 80th St., Cleveland 4, Ohio. 

Sales representatives in all major industrial markets. 

In Canada: Peacock Brothers Limited. 


HOW IT WORKS 


Power is transmitted from input shaft to 


output shaft through alloy steel driving balls 
which ore in pressure contact with discs 
attached to the two shofts. Relative speeds ‘ 


of the shafts are adjusted by changing the 
positioning of the axles on which the balls 


rotate (see cutawoy view, right). 
VARIATOR 
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Now you can order from stock... 
the new 
BRYANT MAGNETIC 
STORAGE 
DRUM 


Unequalled for precision,¥Y versatility, and low cost 


22ES” one. e : 
ae The new 512A Bryant general purpose magnetic storage drum 


meets the exacting demands of all permanent storage problems, yet is 
versatile enough to be used as a laboratory instrument. These 5” dia. x 12” 
long drums are stocked for immediate shipment at a price that is far below 
the cost of customer-designed drums. 


Features: Guaranteed accuracy of drum run-out, .00010” T.I.R. or less; 
Integral motor drive; Capacities to 625,000 bits; Speeds up to 12,000 
R.P.M.; 500 kilocycle drum operation possible; Accommodates up to 240 
magnetic read/record heads; For re-circulating registers as well as general 
storage. 


Special Models: |f your storage requirements cannot be handled by 
standard units, Bryant will assist you in the design and manufacture of 
custom-made drums. Speeds from 60 to 120,000 R.P.M. can be attained, 
with frequencies from 20 C.P.S. to 5 M.C. Sizes can range from 2” to 20” 
diameter, with storage up to 6,000,000 bits. Units include Bryant-built 
integral motors with ball or air bearings. Write for Model 512A booklet, or 
for special information. 


Airborne Jj 
Computer 
Drum 


High Speed Synchronous 

Computer Computer 

Drum Drum 
Mobile 
Military 
Computer 
Drum 


BRYANT GAGE and SPINDLE DIVISION 


P. O. Box 620-L, Springfield, Vermont, U.S.A. 
DIVISION OF BRYANT CHUCKING GRINDER CO. 
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. . . Studying the scale-up, 
they found that the non- 
linearities were not so 
serious .. . 


variable controls the amplitude of a 
train of rectangular pulses and the 
other proportions the mark space ratio, 
and the mean amplitude gives the 
product of the two inputs, which 
can be integrated as required. Using 
this system, EMI was able to generate 
those nonlinear functions that were 
products of time variables; diode func- 
tion generators provided the remain- 
ing functions, 

The first results of the mathemati 
cal analysis did not show up the pilot 
plant instability. Digging deeper, 
EMI and Laporte found that certain 
inherent lags were more critical than 
realized; introducing these gave re 
sults that cross-checked with reality 
and set the stage for the scale-up to 
full plant. 

In studying the scale-up, Doveton’s 
team found the nonlinearities of the 
pilot plant were not so serious and a 
linear relationship could be used. For 
both the pilot and main plant, hand 
integrations were necessary to convert 
the partial differential equations of 
the reaction columns to a form in- 
volving time as the only independent 
variable. This allowed a simple four 
terminal network to be realized for 
each portion ot the plant. 

e Using computer hardware—All 16 
equations representing the dynamic 
mass balance of the closed-loop proc- 
ess were simulated on only 30 ampli- 
fiers, 11 integrators, eight function 
generators and five multipliers. The 
equation took into account the trans- 
port lag and damping effect occur 
ring at each of the 24 extractor 
column plates, the gas compressibility 
in the absorber column, and the 
physical limits on controller responses 
and valve positions. Simulated also 
were dead times and lags of the pneu- 
matic signals from the five level con 
trollers. 

Turning hours into minutes by 
means of 60:1 time compression fac- 
tor on the computer, Laporte quickly 
found that simple proportional con- 
trol on the seven subsidiary loops 
achieved the required stability, and 
that the pumping capacities were ade- 
quate. Step injections of flow and 
pressure variations allowed the rate 
of disturbance propagation through 
the system to be observed. These 
highlighted the variation in gain in 
the forward and backward paths and 





SPECIFICATIONS 
Size: ¥2” dia. Weight: % oz. 
Power rating: 1.5 watts at 
40° C. 
Resistance Range: to 40K ohms. 
Resistance Tolerance: +10% 
standard. Linearity: (Independ- 
ent) +2% standard; +1% 
special. Welded connections. 
Dielectric Strength: 1000 V. AC 
for 1 minute at atmospheric 
pressure. 
Torque: Less than 0.5 oz.-in. 
Completely enclosed to meet 
toughest environmental condi- 
tions. Applicable solder cannot 
get into potentiometer. 
Mountings: Servo and bushing. 
Also locking type. 
Rotation: Limited or continuous. 
High-frequency operation. 
Modifiable to your require- 
ments. 


HIGH RELIABILITY 


Designed to meet the ever-increasing demand for greater 
performance and highest reliability in less space, 

the Clarostat Series 57 Precision Potentiometers feature a 
new rotor and brush assembly for maximum stability 
and longest trouble-free service. Nickel-silver body. 
Thermally compatible cover with sturdy terminals 
molded in place. = Write for details... 


Since 1921, Experienced Resistor Experts! 
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BARBER 
COLMAN 





the practical solution 
to many complex 
control problems 


Across industry today, Barber-Colman 
ultra-sensitive d-c relays are solving 
control problems in a wide range of 
applications such as communications, 
nucleonics, instrumentation, process 
control, railway signal transmission, air- 
craft temperature control and remote 
positioning systems. 


Polarized Micropositioner 
Relays — The Barber-Colman 
Micropositioner is an ultra- 
sensitive polarized d-c relay 
capable of operating on input 
powers as low as 40 microwatts. 
Available in three types of 
; adjustment: null-seeking 
symmetrical magnetic-latching .. . or 
conventional form C snap-acting. Can 
be operated in excess of 100 cps. Selec- 
tion of enclosures and mountings. 


Transistorized Polar Relays — The 
Barber-Colman transistorized relay is 
an adaptation of the Micropositioner 
that features a built-in transistor pre- 
amplifier, which greatly reduces the 
input required for contact operation. 
Choice of null-seeking . . . symmetrical 
magnetic-latching, or form C snap- 
acting contact operation. 


Resonant Relays — Characterized es- 
pecially by low operating power and 
narrow band width. Standard units can 
be tuned to any frequency between 115 
and 400 cps. Special units have been 
built to resonate as low as 1624 cps. 


ee THE WIDE LINE OF BARBER-COLMAN ELECTRICAL 
COMPONENTS includes: D-C Motors for ind 

equipment and aircraft contro! applicatic - 

; ‘ put up to 1/10 hp permanent magnet and t 

series types various mountings and speeds ; 


; also available with gearheads or blowers 
d-c motors polarized relays Generators for 





accurate speed indica 

servo rate control applications. Choppers that 
require extremely low driving power. Resonant 
Relays characterized by low operating power, 
narrow band width. Ultra-Sensitive Polarized Re- 
lays operating on input powers as low as 40 micro- 
watts. 400 Cycle A-C Motors for aircraft and 
missile applications. 


resonant relays 


TECHNICAL BULLETIN SERVICE 

on all Barber-Colman electrical 

components. Detailed specifica- 

tions, performance data, circuitry 

drowings. Write for bulletins on 
tach generators choppers any or all products. 





BARBER-COLMAN COMPANY 
Dept. D, 1848 Rock Street, Rockford, Illinois 

Small Motors * Automatic Controls * Industrial Instruments ° Aircraft Controls 

Electrical Components ° Air Distribution Products ° Overdoors and Operators 

Molded Products * Metal Cutting Tools * Machine Tools ° Textile Machinery 
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the nonlinearities of the tem re 


sulting from positive and negative dis 


placements as well as from amplitude 
sensitivity. 

Laporte’s control engineer K. C. W 
Pedder reports that the simulation 
cost his company $7,000. Savs_ he, 
lor our $7,000 investment, we havc 
got more than just stability critena 
Ihe experiences of the future plants 
bchavior gained in the two-month: 
computer study has given us for 
knowledge which will probably save 
us a number of expensive shut 
lowns.” 


—Derek Barlow 


Intrinsic Safety: 


Will It Spread ? 


Because of the influx of electronics 
in the process industries, the question 
of safety standards in hazardous loca 
tions is demanding a lot of attention. 
In the United Kingdom last month, 
work proceeded on a draft safety code 
for consideration by the International 
Electro-Technical Commission. But 
some international complications loom 
on the horizon, for European practicc 
differs greatly from that followed in 
North America. 

I'wo factors characterize Britain's 
ipproach. First, intrinsic safety 1s 
pioneered as an alternative to explo 
sion-proofing; second, all testing, 
certification and inspection has the 
force of law and is operated by gov 
crmment departments. 

In other countries, intrinsic safety 
is often recognized, but less highly 
developed; flameproofing certification 
is carried out frequently by private as 
sociations. British practice recog 
nizes only a hazardous or nonhazard 
ous area, and there is no equivalent 
to the American Class 1, Div. 2 
British flameproofing practice corre 
sponds roughly to North American 
explosion-proofing. 

In Britain, testing is carried out by 
the Ministry of Fuel & Power; ap 
proval and inspection is operated by 
the Factories’ Branch of the Ministr\ 
of Labor. Intrinsic safety certifica 
tion is operated by the same authori 
ties, and government-sponsored _ ré 
search work on this has been continu 
ous since World War I. 

Intrinsic safetv is the key Phe 
basic principle: if the energy in an 
lectric circuit is below a critical 
level, anv sparking resulting from its 
usc will be innocuous. Hence, the 
expense and weight of a special en 
closure does not arise. ‘There is a 
universal precedent for such a philoso 
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phy—everyone agrees that a thermo 
couple for temperature measurement 
does not require an explosion-proof 
housing. 

Advocates of intrinsic safety 
claim it is superior to the explosion 
proof enclosure because safety does 
not depend on the correct replac« 
ment of covers or the isolation of th 
supply before servicing. Also, it is 
applicable to severe hazards, such a 
hydrogen, for which explosion-proof 
ing is difficult to achieve. It is limited, 
however, to light current circuitry 
but signaling, controls, and somc 
portable test equipment fall within 
this scope. As an alternative, the ci: 
cuit can be split into safe and unsaf 
portions, with the power source con 
tained in a_ suitable enclosure 
mounted outside the danger area. 

But there is still at least one stum 
bling block. In spite of a wealth of 
accumulated information, the safet) 
of any particular circuit cannot bc 
fully predicted, and each equipment 
has to be individually tested befor 
certification. The critical energy level 
varies for different hazards, and 
greatly influenced by the inductanc< 
of the circuit. The British Electrical 
& Allied Industries Research Associ 
tion has been correlating these facts 
for four particular hazards. 

In some instances a current excc< 
ing 1 amp may be safe, and in gen 
eral the current must decrease as th 
circuit voltage is raised. However 
test equipments using several hundre 
volts have been certified safe 

Che British view is that in intrinsic 
safetv they have something to offer 
the world as an elegant alternative 
to explosion-proofing, particularly fo: 
process instrumentation. 


British Positioner 


\ new automatic coordinate setting 
svstem has been designed by Airmec, 
Ltd. to provide remote control of lead 
screws with a resetting accuracy of 
0.0003 in. on a 100-in. table. Onc 
surprising feature is the low cost of 
such accuracy: $1,845. 

Table position can be set up manu 
ally by means of a series of knobs and 
dials, or automatically by means of 
punched tape, which contains infor 
mation for up to 300 operations. 

The positioner unit measures the 
ibsolute angle of rotation of the lead 
screw by means of a coded disc. Basi 
iccuracv is achieved bv correctin 
cumulative errors with a cam in th 
positionel 


a-c gmall motores 


high quality ...at low cost 





for servo-mechanisms, 
remote switching and 
positioning devices, 
recording instruments, 
and voltage regulators 


reversible 
up to 1/25 hp 


Barber-Colman shaded pole 
reversible motors are adaptable to a 
variety of control circuits and 
power requirements. They meet 
the specifications of many 
applications requiring a compact, 
powerful, fast-reversing motor 


3-Stage Vacuum Tube 
Amplifier for Controlling 


Barber-Colman Reversible Motors 





geared 


double plate —open 
single plate open 
enclosed 

Barber-Colman shaded pole 
motors are available with both 
enclosed and open gear trains 


Wide choice of models with wide 
range of gear ratios 


“plus” features of Barber-Coilman 
shaded pole motors 





CATALOG HELPS SELECT MOTOR NEEDED 


stalog of Barber-Colman s 


BARBER-COLMAN COMPANY 


Dept. D, 1248 Rock Street, Rockford, Illinc 
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WIRE 
PRODUCTS 


CUSTOM CONSTRUCTED 
CONTROL CABLES and 
THERMOCOUPLE- WIRE CABLES 


with segregated circuits individually 

shielded, and with over-all shielding or 

with special shielding and jacketing. 
ILLUSTRATED IS AN 


EIGHT CONDUCTOR CABLE 
FOR MISSILE USE. 


EIGHT , 

TEFLON INSULATED 

WIRES, CABLED 

TOGETHER AND JACKETED 

WITH NYLON BRAID SPECIALLY 
TREATED FOR SOLVENT RESISTANCE. 


FIRE-RESISTANT and HIGH 
TEMPERATURE RESISTANT CABLE 


for circuits required to operate in 
2000° F. flame for fifteen minutes. Ex- 
cellent for fire-detector circuits and 
for use in temperatures up to 600°F. 


HIGH TEMPERATURE CABLE... 
Suitable for operating temperatures up 
to 650° F. with nickel-clad copper con- 
ductor and laminated insulation having 
superior dielectric strength and mois- 
ture resistance. In AWG sizes 22 thru 
4/0. In accordance with MIL-C-25038. 


ELECTRONIC HOOKUP WIRE... 
Teflon insulated silver coated copper 
conductor with insulation in standard 
colors in accordance with MIL-C-16878. 


EXTRA FLEXIBLE CABLE... 
High Temperature and Moisture Resist- 
ant Electrical Cable. Lewis “EXFLEX” 
Cable, single and  multi-conductor, 
superior for circuits on hinged or 
pivoted parts. Resistant to abrasion 
and temperatures to 500° F. 

* TEFLON is a Du Pont product 


The LEWIS ENGINEERING CO 


N 


WIRE DIVISION 
(ite 
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AROUND THE BUSINESS LOOP 


Teaching the Teachers 


FIER and Case collaborate to 
help close the technician gap; 
worthwhile plan still lacks an 
essential: money. 


Convinced that it is just a matter 
of time before the National Science 
Foundation approves a grant of $12,- 
000, co-sponsors Case Institute and 
the Foundation for Instrumentation 
Education & Research are going ahead 
with plans for a two-week course in 
July for 25 post-high-school technical- 
college teachers. While the NFS 
weighs their proposal, fast-moving 
Lloyd Slater, executive director of the 
FIER and a prime mover in the ar- 
rangement with Case, has been mark- 
ing time in his own inimitable way: 
he’s been writing a book, to be pub- 
lished this spring, all about how you 
get to the point where you're eligible 
for the kind of course his foundation 
and Case have in mind. 

There are several extremely inter- 
esting things about this course (July 
7-25), besides the curriculum, which, 
incidentally, is no slouch itself when 
it comes to pulling interest. (Dy- 
namic analysis will be the keypoint, 
and its use on a theoretical, rather 
than a hardware basis, the approach.) 
For example, there is the kind of 
people who will be enrolled. As of 
Jan. 15, the sponsors could count on 
at least two heads of engineering de 
partments (State Technical Institute, 
Hartford, Conn., and Flint Junior 
College, Flint, Mich.), one super- 
visor of electrical engineering educa- 
tion (Pennsylvania State University, 
University Park, Pa.), one “electrical 
technology” section head (Oklahoma 
State University, Stillwater, Okla.), 
one engineering drawing teacher 
(Armstrong College, Savannah, Ga.), 
four instrumentation teachers, and at 
least eight more teachers of physics, 
mathematics, and electronics. 
¢ High on the Hog—Another point of 
interest would be humorous if it were 
not so embarrassingly true: the paid 
two weeks at Case include $6 per day 
for living expenses, which is probably 
more than many of the teacher-stu- 
dents feel free to spend on themselves 
per day when they are operating on 
their own salaries. 

Slater has been pushing for this 


kind of course for a long time, in and 
out of the FIER. He was one of the 
big guns behind the triggering FIER 
survey of 90 technical colleges, and he 
helped select those 25 schools out of 
the 66 that responded, which will 
send candidates to Case. His recent 
contribution to a series of vocational 
and professional monographs pub- 
lished by Bellman Publishing Co. of 
Cambridge, Mass., is a step in this 
same direction. Called Instrument 
and Control Engineering, it takes an 
informational look at the field of con 
trol in what is probably all of its as 
pects. 

Main purpose of the monograph is 
to pin down the essentials for guid- 
ance counselor and students, but as 
such this purpose actually becomes 
two-fold: the monograph delineates 
control, as a field and not simply as a 
concept, from the standpoints of its 
structure (what it consists of and what 
levels of education and skill it de 
mands), its status (users, manufac 
turers, professional and 
places of learning) its across-the-board 
effect on production of all kinds, its 
job opportunities, and its chances for 
self-expression. 


societics, 


Sewing Machine Maker 
Buys Haller, Raymond, Brown 


With its purchase of Haller, Ray 
mond & Brown, Inc., The Singer 
Mfg. Co. brings electronics squarely 
to bear on the sewing machine. The 
purchase of HRB from Topp Indus- 
tries, Inc., which acquired the State 
College, Pa., R&D firm in 1956, cost 
Singer $2,075,000, plus $374,000 in 
repayed advances. Singer will operate 
it as a division. There will be no 
changes in personnel, and HRB will 
continue to be a consultant to many 
government agencies and _ industrial 
firms. A portion of its efforts, how- 
ever, will now be trained on develop 
ment of new Singer products 


Bendix Outlet for Fm/fm 
Will Boost Epsco’s Sales 

An agreement signed just lately by 
the Pacific Div. of Bendix Aviation 


and Epsco, Inc., gives Bendix exclusive 
sales rights for fm/fm telemetry equip 
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See how RADIO RECEPTOR 
the facts speak 
for themselves / ( Petti-Sel 
' : ; SELENIUM RECTIFIERS 


are revolutionizing the field! 


%* high current density 


B 100,000 hours estimated life b> Lower voltage drop 
B& Higher current density Bm Less reverse leakage 
& Smaller size 


Both rectifiers are rated at 26V, 8 amps, 

but netice the significant space saving in the 
Standard compact Petti-Sel unit. 
rectitier 


compare the|specs... 
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: 
in case you haven't noticed, the yellow and stay areas denote actual comparative sizes of the two rectifier types 


and compare the prices! HCD Petti-Sel rectifiers, developed 
in Western Germany by Siemens and now made in the U.S. by Radio Receptor, offer many 
important electrical advantages over standard types plus economic advantages. 


See for yourself — We'll be glad to send you further information on this 
remarkable new rectifier line. Submit your requirements to Section { 


Semiconductor Division 


RADIO RECEPTOR COMPANY, INC. 


enn teaas Subsidiary of General Instrument Corporation 
Ltée ‘0 C § 
Since 1922 240 WYTHE AVENUE, BROOKLYN 11, N.Y. © EVergreen 8.6000 


Rodio Receptor products for Industry ond Government 


Germanium and Silicon Diodes, Selenium Rectifiers, Thermotron Dielectric 
Heating Generctors and Presses, Communications, Radar and Novigation Equipment 
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Designed with 
the Look 

of Tomorrow 

by 

Raymond Loewy 
Associates 


NEW PARTLOW 
MFS TEMPERATURE CONTROL 


New Looks, Convenience, Efficiency 
for Your Process Equipment 


Striking as they are, good looks are only 
part of the story of Partlow’s spectacular 
new control. Inside and out, the MFS is 
as rugged and efficient as a temperature 
control can be, its tough mercury-actu- 
ated element having been built to retain 
sensitivity and accuracy even under ex- 
treme conditions. Convenient, too! You 
can interchange the mercury element 
right out in the field... no factory adjust- 
ment is required. 


The MFS comes in 10 scale ranges. Accu- 
rate within ’2 of 1% of scale range, it is 


especially adaptable to control applica- 
tions where temperature variations must 
be kept at a minimum; or where sudden 
temperature changes demand instant 
response. 


If your product or process requires close, 
positive temperature control within the 
-30° F. to 1100° F. range, you are in- 
vited to test this advanced new instru- 
ment soon. Write, wire or phone today. 


THE PARTLOW CORP. 
DEPT. C-458, NEW HARTFORD, N.Y. 


Only in the Partlow MFS so many important innovations: 


at Mili, 


Accu-Vision Dial — Magnified 
pointer for closest settings. Dial 
calibrations, pointers and back- 
ground scientifically color-con- 
trasted for easy readability — 
even at a distance. 


LOOK TO PARTLOW FOR: 
Recording Controls Indicating Controls 
Non-indicating Electrical Controls 
Non-indicating Mechanical Controls Timers 
Recording and Indicating Thermometers 
Limit Controls Combustion Safeguards 
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Flush or Wall 
Mounting — No 
additional 
brackets or 
hardware are 
required. Case 
is grey rein- 
forced plastic 
—tough, light- 
weight, easy 
to clean, won't 
crack under 
extreme 
temperatures 
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ment incorporating Epsco’s special 
ground-controls ‘“‘discriminator’’ for 
receiving and decoding signals from 
missiles or aircraft. And it provides 
minimum sales guarantees to Epsco 
of more than $4 million over the next 
few years. Epsco, which in the past 
apparently helped push its own sales 
of this equipment, will continue to 
sell computer linkages and other data 
processing components. Last February 
a major news story told about one of 
the biggest users of the Epsco equip 
ment (CtE, Feb., pp. 22-28, esp. 
p. 24). 


Stavid and Hoffman Parlay 
“Smallness” into Big Money 


Hoffman Electronics Corp. and 
Stavid Engineering, Inc., are small 
companies as control companies go; 
but they have managed to impress the 
Federal government with the fact that 
smallness can be a factor in one’s favor 
when it comes to awarding juicy con- 
tracts. The gimmick Hoffman and 
Stavid have jockeyed so successfull; 
into the big money is intimacy. No 
prime contractor they say, and have 
proved it, can get along with its sub 
contractors like a small prime con 
tractor. 

Stavid made its point about six 
months ago, when it shared with part 
ners Olin Mathieson Chemical Corp., 
Bausch & Lomb Optical Co., and 
United Shoe Machinery Co. a con 
tract for development of a defensive 
anti-missile system (project Dam). A 
busy government supplier, Stavid just 
lately received another bouquet: a 
multi-million contract for guidance 
systems for the submarine-launched 
Regulus missile. 

It remained for Hoffman, however, 
to give the contract-sharing plan a 
name. This came only last January 
when Hoffman announced its largest 
contract to-date: an Air Force assign- 
ment calling for a complete electronic 
reconnaissance system, which the com- 
pany said would be undertaken on a 
(EAM (Total Engineering and Ad 
ministrative Management) level. On 
this level, Hoffman explained, are eco 
nomics elsewhere unrealizable, becaus¢ 
all subcontractors are well-known to 
each other, and all take part in the 
preparation and presentation of pro 
posals. 

If Stavid and Hoffman come 
through with their respective projects 
as successfully as they fully expect to, 
companies their size may have to be 
reckoned with as never before when 





THOMAS A. 


EDISON 


Current sensitive 
d.c. relays operate 
on microamps... 
carry load of 1/3 amp 


This meter-type relay is capable of operating on an input power of 25 microwatts— 
and on even less power in special applications. When the relay is factory-adjusted 
for the special conditions to be encountered, sensitivities down to 1 microwatt 
are possible. 

Edison sensitive relays can replace a vacuum tube amplifier in many applications, 
and offer important savings in weight and cost. Because of their low operating power 
level, they can be run directly from a thermocouple or photocell output —and are 
ideal for uses involving servo motors operating from vacuum tube plate circuits 
Between the input power to the operating coils and the load capacity of its own con- 
tacts, these relays make possible a power amplification factor in excess of 500,000 to 1. 


For complete data on Edison Sensitive Relays, write for Bulletin No. 3037. 


Thomas A. Edison Industries 


INSTRUMENT DIVISION 


38 LAKESIDE AVENUE, WEST ORANGE, N. J. 
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LINDSAY 


STRUCTURE 


Write for descriptive folder . 


@ ELIMINATES TOOLING 
AND DIE COSTS... 


@ SHORTENS THE TIME 
FROM DESIGN TO 
PRODUCTION! 


Lindsay Structure sheet metal panels, fram 
ing shapes and fittings are easily adaptable to 
any form, over a wide range of sizes and 
shapes . . . for housings for test machines, 
radio and radar testing equipment and trans- 
mitters . . . refrigeration equipment, packag- 
ing machinery and other industrial equipment 

. and for process rooms, large tower hous- 


ings, buildings, and truck and trailer bodies. 


CUT COSTS FOR ONE... 
or 1,000 units! 


Lindsay Structure, with its 78,085 panel 
sizes . . . lets you choose at once a prefabri- 
cated housing or enclosure to fit your exact 
requirements ... in any workable metal. 


You save the cost of dies and tooling on 
the original design and any subsequent revi- 
sions, and need no skilled labor to fabricate 
with Lindsay Structure to meet your production 
needs. 


. . or send single-line 


drawing for prompt cost estimate. 


LINDSAY STRUCTURE DIVISION 


INTERNATIONAL STEEL COMPANY 


1425 Edgar Street 


Ss Evansville 7, Indiana 


Canadian Affiliate: Lindsay-Iinternational, Ltd., Port Credit, Ontario 


CONTROL 


ENGINEERING 


| WHAT’S NEW 


invitations to bid on important jobs 


are issued 


Census Uses Erasable Tape, 
But Data Becomes Sacred 


Now that it can be filed con 
veniently for computation, it seems 
everyone wants to preserve data about 
the U.S. Census. That’s the con 
sensus of the Census, as reported by 
Sam Alexander of the National Bureau 
of Standards and relayed to CtE by 
William H. Chartner of the McGraw 
Hill Dept. of Economics. Chartner 
attended a recent meeting of the New 
York chapter of the American Sta- 
tistical Association, which had as a 
subject the statistical use of computers. 
Of course, storage techniques were 
high on the agenda. 

One of the advantages of filing 
Census’s very changeable data on 
magnetic tape, said Alexander, is that 
the data can be erased when it is no 
longer useful. But he is meeting op 
position. The current cry is: “Erased? 
Never! Not when you can store away 
rolls of tape in a fraction of the space 
it would take you to store punched 
cards with the same information.” 
The result is, he said, that there are 
now extant 10,000 rolls of magnetic 
tape containing Census information, 
each of which brings down a $50 
storage charge. 

Alexander went on to tell how 
computers are being modified to 
“edit” forms coming into government 
agencies (i.e., reject those forms that 
contain basic inconsistencies between 
the information asked for and that 
furnished). The only trouble, he ob- 
served, is that they are getting too 
good: they are rejecting about 30 per 
cent of all forms submitted, and each 
wrong one must be processed man- 
ually. The latest word is that instruc- 
tions are being fed into the computers 
that will enable them to correct some 
of the common errors. 


New Companies in the Field 


Polaris Engineering Corp., a design, 
development, and consulting firm at 
home in physics, chemistry, electron- 
ics, ballistics, and explosives—in Los 
Angeles. Thomas C. Bannon is presi 
dent. 


Greenbrier Instruments, Inc., organ 
ized by former employees of Watts 
Mfg. Co. and the West Virginia plant 
of Beckman Instruments, Inc.—in 
Ronceverte, W. Va. Major products 
will be analytical laboratory and proc 





Specialists in special purpose tubes 


VOLTAGE REGULATOR AND 
REFERENCE TUBES—Gas 
filled tubes designed to 


specific volta for reg- 
Satin ona euubentn. 
Also used to make avail- 
able stable reference 
vol for high current 
supplies. Sizes from sub- 
miniatures to bantams, 
including many reliable, 
ruggedized types. 


THYRATRONS—An ex- 
tensive line of thyra- 
trons for use as 
control rectifiers, — 
and noise generators. 
Inverse voltage panes 
from 100 to 5,000 volts. 
Sizes from subminia- 
tures to ST 16 bulbs. 
Filamentary as well as 
hot and cold cathode 
types are available. 


TWIN POWER TRIODES 
—The most complete 
line ofhighcurrent twin 
pause triodes devel- 


RECTIFIERS — Both vac- 
uum and gas filled tubes 
with peak inverse volt- 
age ratings from 200 to 
15,000 volts. Included 
are tubes with special 
features such as fast 
warm-up, cold cath- 
odes, clipper service rat- 
ings and rugged con- 
struction. 


TELEPHONE TYPES — A 
highly specialized line 
of vacuum and gas filled 























especially for re types in both the 300 
u ulated power supp y and 400 series. 

usage. Current and 

power ranges up to 800 

milliamperes and 60 

watts respectively. In- 


cluded are rugged t 
in bothlow | colleen 
mu construction. 


THYRA 
— Used primarily as 
Se tubes in line 
pe radar modulators, 
tubes permit ac- 
oma control of high 
energy pulses. Sizes 


Chatham research and development 
has produced many new tube types 
that have become industry standards. 

If you have a special purpose tube from miniatures to the 
problem, Chatham experience can power ranges rom 10 
help you find the solution. = 


CHATHAM ELECTRONICS bivision of TUNG-SOL ELECTRIC INC. 


General Office and Plant: Livingston, New Jersey 
SALES OFFICES: CHICAGO, DALLAS, LIVINGSTON, LOS ANGELES 
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---a new viewpoint 
on 
data display 


WAAL LAMM dE 


Gremnerator 


\ 


and Wiewer 


In any language . . . by any symbol 

. coded data now swiftly translated 
to written words by the new symbol 
generator and viewer. From five-, six-, or 
seven-bit coded data input, the viewer 
instantly presents any symbol or char- 
acter which can be formed on the gen- 
erator’s five-column, seven-row dot 
matrix. 


i] 


The viewer, using the Memotron tube, 
can be placed any distance from the 
symbol generator . . . only one generator 
necessary for operation of many viewers 
, each presenting simultaneous, 
though different messages. Display rate 
10,000 characters per second per viewer 
. . . 200 characters per display. 


Developed by the engineers of the Com- 
puter Products Division of LABORA- 
TORY FOR ELECTRONICS, INC., the 


SM is an important data output device. 


GZ ) cate 
Compuler A, roducls ga nsOn 





LABORATORY FOR ELECTRONICS, INC. 


141 MALDEN STREET BOSTON 18, MASS. 
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ess instruments. Sample in automat 
chromatographic analyzer, to be manu 
factured under a nonexclusive license 
from Union Carbide Corp. The Beck 
man contingent at Greenbrier is said 
to include all the technical personnel 
of the West Virginia plant 

Moore Associates, Inc., whos¢ 
namesake appears to be Chicf Engi 
neer Laurence Moore, formerly a proj 
ect engineer with Levinthal Elec 
tronics—in Redwood City, Calif. 
Other officers in the new concern, 
which will specialize in the develop 
ment and manufacture of electronic 
systems: Albert L. Robinson, formerl\ 
on the research staff of Bell Telephon« 
Laboratories, president, and James B 
Bullock, formerly with Electrical Com 
munications, Ltd., of San Francisco 
vice-president. 


New Divisions and Groups 


An Astronautics Laboratory in the 
Navigation Projects Dept. of Kearfott 
Co., Inc., to design guidance and con 
trol systems for satellites and space 
vehicles. 

Wiancko Aeronautics, a new divi 
sion of Wiancko Engineering Co. of 
Pasadena, Calif., to carry this expand- 
ing company into fundamental and 
applied research in high-speed aero 
dynamics and propulsion. New meth 
ods of measurement and test evalua 
tion will also be explored. Manager is 
H. R. Saffell, formerly director of the 
I'ngineering Research Center at the 
University of Southern California, and 
chief engineer is C. L. Dailey, formerly 
chief of the Aeronautics Research Sec 
tion at the USC center. 

Significant changes in ‘Textron’s 
Dalmo Co.: Two new departments— 
microwave and propagation engineer 
ing, and servo engineering—in the En 
gineering Div., supplementing the ex 
isting Dept. of Mechanical Engineer- 
ing; and a brand new Electronic Sys- 
tems Div. John B. Damonte, formerly 
assistant director of research, is man- 
ager of microwave and propagation en 
gineering; Arthur P. Notthoff, for 
merly servo-design supervisor, is in 
charge of servo engineering; and Vice 
President Glenn A. Walters, formerly 
head of research, is manager of the 
new Electronic Systems Div. 

4 new Research Center near Fort 
Lauderdale, Fla., for Ranco, Inc., of 
Columbus, Ohio, to accommodate an 
expansion in R&D activities. 

An Electronics Div., “a dream shop 
to promote calm, deliberate think- 
ing”, for research personnel of Taber 





Model MA28-125 

Output: 28 VDC nominal at 125amps 

Regulation accuracy of + 0.2%. 

Ripple: << 1% RMS. 

Response time: < 0.1 second. 

Choice of input voltage: 208, 230, 
or 460 VAC, 3-phase. 

Weight: 225 pounds. 

$1160 in cabinet. 


Mode! MR36-30 

Output current, 0-30 amps, output 
voltage, 5 to 36 VDC continu- 
ously adjustable with regulation 
+ 0.25% against line or load 
change. 

Response time of 0.2 second. 

Input voltage: 105 to 125 VAC, 
single-phase 

Weight: 175 pounds 

$890 in cabinet. 


Also supplied, as Model MR36-15, 
with output current 0-15 amps, 
otherwise similar. 

Weight: 100 pounds 

$495 in cabinet 


in Europe, contact Sorensen-Ardag 
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Me Ww High Current DC Supplies 


ast Response... High Amps...External Sensing 


Two new high output power-packs—with response time 
ranging from 0.2 second down, and with transistorized 
power reference and magnetic amplifier power control 
circuits for trouble-free performance—that’s just 
part of the story on these Sorensen DC power supplies 
One model supplies an output of 18 to 36 VDC at 125 
amperes; the other provides 5 to 36 VDC at 0 to 30 amps 
Zener diode reference circuit assures sharper regulation, 
and the external sensing provision puts this precise 
control at the load. Silicon power rectifiers and complete 
tubeless design increase durability with reduction 
in weight—and greater saving in size. 
Get the full story from your Sorensen representative 
Or write for technical data 


=< 


CONTROLLED POWER FOR RESEARCH AND INDUSTRY 





SORENSEN & COMPANY, INC. 


Richards Avenue, South Norwalk, Connecticut 


se 29, Zurich, Switzerland, for all products including 50 cycle, 22 volt equipment 
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NA STANDARD STANDARD 


For those jobs, only a manometer can do... 


When you're faced with precision calibration, production checks 
of other accurate instruments, or any kind of laboratory pressure 
work ... in fact, any time you need better than 0.1 % accuracy 
that's the time to add a W&T precision mercurial manometer. 


Rapid readout with the magnified magnetic vernier makes tend 
exact pressure readings easy. All ‘round leveling, temperature _ 
compensation and gravity correction are included, of course. 


range: 0 to 31.50 inches Hg., or any other desired pressure 
unit of equivalent range. 


accuracy: 1/5000 over full scale. 


For full information on all models of W &T pre- 
cision mercurial manometers, write Dept. A-121.00. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 


Wel MERGHEN SCALE FEEDERS & METERS 


for Automatic Batch Control 
Continuous Blending 
Materials Accounting 





Control the feeding of ingredients by weight to an 
accuracy of 1%. 

Capacities range from 3 to 3000 Ibs. per min. 
WRITE FOR YOUR COPY OF OUR BULLETIN: 

“The Best Weigh is the Merchen Way.” 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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Instrument Corp. of North ‘Tona 
wanda, N. Y. At present the division 
is producing a high-pressure transducet 
for measuring liquid pressure, and a 
line of transistor amplifiers. 

A Research Div. in Van Nuvs, 
Calif.. for Cohu Electronics, Inc., 
formed primarily to investigate build 
ing-block design of digital instrumen 
tation systems. Completed systems 
would be composed of individual de 
vices for measuring stress, strain, 
temperature, pressure, and other 
phenomena. In charge of the new di 
vision is Martin L. Klein, a_ prolific 
writer on electronics (he has 50 papers 
and two books to his credit 

A new section for Bendix Aviation 
Corp., to engineer, build, and _ sell 
tape-controlled production systems 
initially for the aircraft, machine tool 
and die-manufacturing —_ industries 
Manager of this new Controls Section 
is George S. Knopf, formerly execu 
tive engineer of the Bendix Research 
Laboratories. Headquarters will be in 
Detroit. 

An Electronic Controls Div. fot 
General Controls Co., to produc« 
high-performance analog servomecha 
nisms for position and velocity con 
trol, and transistors and magnetic am 
plifiers. Heading the engineering team 
of the division is Fred Marsh 

\ Countermeasures group, intended 
as part of Sperry Gyroscope Co.’s Air 
Armament Div. All activities having 
to do with electronic jamming equip 
ment, from engineering to purchasing, 
will be under the management of 
Norman L. Winter. 

Four new divisions for Clark Con- 
troller Co.: Automation, to deal with 
integrated control systems for mill 
drives, processing lines, conveyor svs 
tems, and machine tools; Packaged 
Drive & Control Centers, to handle 
standard and special packaged speed 
control drives; Crane & Mill Acces 
sory Controls, to concentrate on 
standard and modified control equip 
ment for materials handling, mill 
auxiliaries, and accessory drives; and 
Standard Products, to zero in on 
standard and modified starters, relays, 
limit switches, etc. R. L. Puette will 
oversee the first three divisions, R. H. 
Carlisle the fourth. 

A Stablvolt Div. for Magnetic Re- 
search Corp., to manufacture a new 
line of de power supplies. Manager 
C. T. Davis's new group is one phase 
of an overall company expansion 
plan. 

A Missile Div. formed by Chrysler 
Corp. to direct the company’s contri 
butions to the development, engineer- 





The question mark symbolizes man’s inquiring 


spirit. And nowhere is this spirit cultivated with 
more enthusiasm than at Bell Telephone Laboratories 
where, through vigorous research and development, 
it constantly works to improve electrical communi- 
cations and also to help national defense in essential 


military programs. 


More than 3000 professicnal scientists and engineers 
at Bell Telephone Laboratories are exploring, in- 
venting and developing in many fields: chemistry, 
mathematics and physics, metallurgy, mechanical 
engineering, electronics and others. You see the 
successful results achieved by this organization of 
inquisitive and highly trained minds in the nation- 


wide telephone system that serves you. 


Dr. Walter Brown, physics graduate of Duke and Har- 
vard Universities, bombards crystalline solids with one- 
million-volt electrons to study the nature of simple defects 
in crystals. Objective: new knowledge which may help 
improve transistors and other solid state devices for new 
and better telephone and military systems 


Peter Sandsmark, from Polytechnic Institute of Brooklyn, 
and his fellow electrical engineers develop a new micro 
wave radio relay system able to transmit three times as 
much information as any existing system. Objective: 
more and better coast-to-coast transmission for telephone 
conversations and network television 


Bill Whidden. from Polytechnic Institute 
and George Porter. from Georgetown Col! 
experimental telephone instruments desig 
customer interest and demand. Objective 
future telephone ever more convenient and useful 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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coniplete instrumentation + 
sygtems by: HALLAMORE.... 


$:heeh 


A NEW CONCEPT IN VOLTAGE 
CONTROLLED OSCILLATORS 


module size 2” x 7%"... adjustable internal bias...all standard IRIG 
channels... 


HALLAMORE ELECTRONICS 
COMPANY 


CONTROL ENGINEERING 


WHAT’S NEW 


ing, and production of the Redstone 
and Jupiter missile programs. In 
creased participation in these programs 
was the reason given for establishment 
of a specific division to carry out the 
work. Chrysler has been associated 
with Army ballistic missile work since 
1952. Irving J. Minett, who heads the 
Defense Operations Div., is group ex- 
ecutive in charge of the new unit. His 
general manager is C. Allan Brady, 
who has been operating manager of 
Chrysler missile operations for the last 
two years. 

An Industrial Products Div., formed 
by Hill Transformer Co., Inc., of San 
Carlos, Calif., to build special-duty 
transformers. Principal target: guided- 
missile ground-control systems. 

Two new divisions (Instrumenta- 
tion and Audio Products) for 
ORRadio Industries, Inc., the fast- 
growing instrumentation-tape maker 
located in the deep south (Opelika, 
\la.). James D. Grady Jr. will manage 
the first division, and Robert D. 
Browning, a former chief recording en- 
gineer for RCA-Victor, will be in 
charge of the second. 

\ new group, Daystrom-Weston 
Co., made up of these divisions of 
Daystrom, Inc.: Weston Instruments, 
Daystrom Systems, and Daystrom- 
Weston Industrial. Thomas Allinson, 
who came to Daystrom from Beckman 
Instruments, Inc., last year, takes over 
the new group as president and chief 
operating executive while continuing 
as a Daystrom vice-president. In his 
words, the move represents “‘a stream- 
lining of our organization to provide 
a single source with full responsibility 
for industrial electronic instruments 
and process controls’. Earl R. Mellen, 
formerly president of Weston, is 
chairman of the group; Rosewell W. 
Gilbert, formerly on the Daystrom ex 
ecutive staff, is vice-president for 
R&D, and John H. Miller, formerly 
a Weston vice-president, is vice- 
president and technical advisor to the 
president. 

The Weston Instruments Div., in 
cidentally, is the successor to Weston 
Klectrical Instrument Corp., a Day 
strom subsidiary that was merged into 
the parent company just a week befor 
the new group was formed. In charge 
of the division under the new prograin 
will be Walter W. Slocum, executive 
vice-president and general manager 
The Daystrom-Weston Industrial Div. 
will be the responsibility of James F. 
Brehm, vice-president and _ general 
manager; and the Daystrom Systems 
Div. will continue under Chalmer FE. 
Jones, general manager. 





are manufactured from high-quality materials 


® to insure: 


...and are carefully assembled, inspected, and calibrated under 
ASTM standard laboratory conditions of temperature and humidity 


to insure: 


VARIABLE CAPACITANCE STANDARDS 


Type 722 is a Precision Variable Capacitor mounted 
in a cast aluminum frame for rigidity. Capacitor supports 
are of low-loss steatite can be supplied with silicon- 
treated quartz supports on special order. Accurate machining 
of worm and gear drive virtually eliminates back lash. 
Dial may be precisely set to 1 part in 25000. Linear scale 
length is 19.2 feet. 


Type Range (usf) 


Accuracy 


Reods 





722-0 100 to 1150 
$235 25 to 115 


+ 0.1% oF + lupf* 
#0.1% of #0.2yyl* 


Total Capacitance 





722-MD 0 to 1050 
$225 0 to 105 


722-ME 0 to 105 
$225 0 to 10.5 


0.1% of = lupf* 
#0.1% of =02uyt* | 


«0.1% of #0.2uyf* 
0.1% of 0.05 uyl* 





722-N 100 to 1150 
$210 


0.1% of + lupl* 
“whichever is the 


Capacttance 
Removed (for 
bridge substitution 
measurements) 


Total Cap 
(recommen 
:-f 


greater metallic resistance 
and inductance) 


Correction chart supplied permits greater accuracy — additional correction chart 
for residual eccentricity of worm drive furnished on special order 


FIXED CAPACITANCE STANDARDS 


Type 1401 is an air-dielectric capacitor adjusted to 
+(0.1% + 0.1 uuf) accuracy. 


Type Capacitance Dissipetion Factor Price 
1401-A 100payst = 0.00004 

1401-8 < 

1401-C 








Type 1409 Standard Capacitor utilizes silvered mica 
and foil-stack construction. Units are aged to insure 
accuracy and stability. Dissipation factor is less than 0.0003 
when measured at 1 ke and 23°C. May be used for either 
2- or 3-terminal measurements. 


Cepacitence, uf Price 


$32 
$32 
~~ $34 
ae 

~ $36 
$39 
| 942 
$50 
~ $80 
7 $10 





GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Mass., U.S.A. 


NEW YORK AREA: Tel. N. ¥. WOrth 4.2722. NJ. Wilitney 3-3140 CHICAGO: Tel. Village 8-9400 
WASHINGTON, D C.; Tel. JUniper 5-1088 
LOS ANGELES 38: Te! HOllywood 9-620! 


PHILADELPHIA: Tel. HAncock 4-7419 
SAN FRANCISCO: Tel. Whitectiff 8-8233 
tn CANADA, TORONTO: Tel CHerry 6-217! 


DECADE CAPACITORS 


Type 980 Decade Capacitor Unit is an assembly of 
high-quality capacitors mounted on an eleven-point switch 
to give a total capacitance variation of 10:1 in ten equal in- 
crements. All increments are accurate to within + 1% except 
the Type 980-L which is within +2%, and the Types 980-F, 
-G, and -H, which are +0.5% units. Zero capacitance of all 
units is 1Ouyuf. 


Dissipetion Factor 
Dielectric at 1 ke end 23°C 





SSCADS GOXES are assemblies of Type 980 units, 


and are available in a variety of dielectrics to meet the needs 
of either general purpose or critical measurements 
All units are 1.110uf maximum in steps of 0.091 uf. 


Type 980 
Type Decodes used 


1419-A A.B.C 

1419-K F.G.H Mica 

219-M LMN Papers 2- Terminal 
Molded Mica Only 


Dielectric Remorks 





Polystyrene ? for 9. of 2-tere 


{ measurements 


Warrenty 


WE SELL DIRECT. Our District Sales 
Offices are staffed by engineers especially 
trained to help you in the selection of instru 
ments and measuring systems best suited 
to your needs. We welcome your inquiries — 
will help solve your problems 





From 
TRANSMITTER 
to 
RECEIVER GAUGE 


unequalled 


sensitivity-dependa 


There’s never a question as to the 

accuracy of temperature or pressure readings 

when transmitted by USG Pneumatic Transmitters. 
And for accurate reception of signals from 

remote points, there’s nothing to match the 

sensitivity of the new USG Receiver Gauge. 
Consider these features: 


USG PNEUMATIC TRANSMITTERS 
e@ Sensitivity— Within 0.1% of full scale. . 
e Accuracy—1% (indicating) or 4% (non- indicating) § 
e Designed to operate at remote points : 
for long periods without attention. 
High sensitivity, linearity and freedom from 
dead spot assure the ultimate in control stability, 


USG PNEUMATIC RECEIVER GAUGES 
e Sensitivity— Within 1/10 of 1% of full scale. 
e Accuracy—+ 14 of 1% of full scale. 
e Diaphragms made of Ni-Span “C’’, a 
special high nickel alloy with a 
minimum thermal shift, even under 
wide variations in ambient temperature. 
@ Available in 315”, 415”, 6” and 815” 
sizes. 
@ Also available are 2”, 214" and 314” 
Bourdon tube actuated type 
receiver gauges. 
USG Transmitters and Receiver 
Gauges are part of USG’s line of 
creatively engineered process 
control instruments. The line 
includes gauges, pressure and 
temperature pilots, recorders and 
controllers. Write for catalogs. 


i gee 
| Find Your 
| Neorest Distributor 


1} in the | 
|| ‘Yellow Pages’ 
| 9 


WTATES GAUGE 


Division of American Machine and Metals, Inc. 


Sellersville, Pa. 
Home of the SUPERGAUGE 


MORE THAN 50,000 TYPES OF GAUGES » SUPERGAUGES +» SOLIDFRONT GAUGES e¢ RECEIVERGAUGES ¢ TEST 
GAUGES « RECORDERS » CONTROLLERS »* TRANSMITTERS e¢ PSYCHROMETERS ¢ AVIATION INSTRUMENTS 
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WHAT’S NEW 


IMPORTANT MOVES 
BY KEY PEOPLE 


> Worcester Polytechnic Institute has 
named Glen A. Richardson, formerly 
associate professor of of electrical en 
gineering at Iowa State College, head 
of the EE Dept. He succeeds Theo- 
dore H. Morgan, in charge of the de 
partment since 1931, who will con 
tinue as EE. professor. Morgan came 
to the Worcester faculty in 1931] from 
Stanford; he had been executive head 
of the Ek Dept. there 

P Of six new vice-presidents of the 
l'avlor Cos., three are directly con 
cerned with engineering. They ar 
Nathaniel B. Nichols, chief engineer; 
William Walters, head of manufactur 
ing, and Karl Hubbard, in charge of 
research. Before joining ‘Taylor, Nich 
ols taught electrical engineering at the 
University of Minnesota; before that 
he was afhliated with Raytheon Mfg 
Co. and MIT’s Radiation Laboraton 
Walters came to Taylor in 1936. Hub 
bard, who joined in 1928, was chief 
engineer and technical director before 
becoming research director. 

> Charles F. Taylor, well-known for 
his work in nonlinear adaptive con 
trol, has been promoted by Day 
strom’s Systems Div. to head of the 
Systems Analysis Group. He will di 
rect analytical and mathematical form- 
ulations and applications of systems in 
industrial process control. Before join- 
ing Daystrom, Taylor was connected 
with the Air Force’s Cambridge Re 
search Center. 

PA. James Edwards has been ap 
pointed general sales manager fot 
Electro Precision Corp. of Arkadel 
phia, Ark. He joins the company from 
General Electric’s Flight Propulsion 
Laboratory, where he was in charge 
of the sale of jet engine controls. His 
other prior affiliations are all top in- 
strument and control companies: Mid 
Century Instrumatic Corp., Satullo 
Co., and Brush Electronics 

> The new chief engineer of Neft 
Instrument Corp. is Richard A. Shaw, 
formerly with the Alectra Div. of 
Consolidated Electrodynamics, and 
before that with Collins Radio Co. 
> Waltham Precision Instrument Co., 
formerly Waltham Watch Co., has 
named Andrew C. Bayle director of 
engineering. Bayle has made a name 
for himself in the precision electro 
mechanical and electronic fields, par- 
ticularly in gyroscopic instrumenta 
tion and servomechanisms, as assist- 
ant to the president of Vectron, Inc., 





inertial guidance for the Navy's Regulus II 


1 = em IE EN EWS BE Ie am nt 


the brain behind the accuracy of the Martin Mace 











...top quality Qy 
gyros and gyro-accelerometers 


now produced in volume 


It takes all the technical know-how of American industry to produce gyroscopes in volume to the quality standards needed for inertial guidance systems 
The sensitivity of the gyro-accelerometers (used to sense the slightest deviation in flight) is the key to the success or failure of the missile. AC gyro-accelerometers 
are setting the world’s highest standards of quality . . . meet minimum tolerances required ... and they have withstood as much as 5,000 to 7,000 hours of 
operation without significant loss of efficiency. Gyros available for immediate delivery: 75 x 10%; 10 x 10%; 2 x 105; 1 x 104 

If you are an engineer with electrical, mechanical or electronic backgrounds, contact Mr. Cecil Sundeen, Supervisor of Technical Employment, Dept. H, in care 
of AC... the Electronics Division of General Motors, Milwaukee 1, Wisconsin. 


Producers of: AChiever Inertial Guidance Systems ¢ Afterburner Fuel Controls * Bombing Navigational Computers 
Gun-Bomb-Rocket Sights * Gyro-Accelerometers * Gyroscopes * Speed Sensitive Switches * Speed Sensors * Torquemeters 
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Post Decitron 


electronic products 


Model MC | 











Post’s Multi-Channel Input unit... 
accumulates “counts” from several 
different production lines where total 
count is desired, utilizes separate 
photoheads for each line. Anti-coinci- 
dence circutt keeps count accurate 
even if objects on two different lines 
break beam simultaneously. 


Model SD-IT -<e 





Outmodes all mech- 
anical counters. Ca- 
pable of operating 
at speeds up to 100 
units per second. 
Single “count” indi- 
cated on the six dig- 
it totalizer as each 
tenth item breaks 
the light beam 
Counts dozens or 
gross with 12 place counting tube. 


Model PW-5 





Preset electronic counter with built in 
warning system. Available in models 
for counts of 1-100 (PW-2) to model 
with range 1-100,000 (PW-5). Will 
count in batches. Warning device may 
be used to coordinate secondary cir- 
cuit just before desired count is 
reached. Will stop machine, cut, divert 
or perform any other operation, Auto- 
matically resets to zero when preset 
number is reached, 


POST ELECTRONICS 


Division of Post Machinery Co. 
160 Elliott St., Beverly, Mass. 


4 
! 


pee ee ee we ee ee ee ee ee eee 


POST ELECTRONICS 
Division of Post Machinery Co. 
160 Elliott St., Beverly, Mass. 


Send literature on Model 
[} Please send name of nearest 
representative 


Name 
Company 
Address 
City 
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WHAT’S NEW 


chief engineer of Doelcam Corp., 
and research engineer at MIT. 
> W. F. Eagan, the new chief engi- 
neer of Allis-Chalmers’ Control Dept., 
joined the company in 1947 and for 
the last eight months has been in 
charge of control engineering. Before 
that, he supervised regulator engineer- 
ing and circuit development in the 
Control Dept. 

> Edward E. Kirkham has taken 
over the Experimental Dept. of Pratt 
& Whitney’s Machinery Div. as chief 
development engineer. He joined 
P&W shortly after the war, left later 
to go to Federal Electric Products Co. 
of Hartford, Conn., and returned in 
1953 as a project engineer. He has 
been closely connected with P&W’s 
numerical control developments, pri- 
marily the punched-tape metal-work- 
ing system described recently (CtE, 
Jan., p. 75). 

> Milton Roy Co. has promoted 
Richard A. Bennett, formerly design 
engineer, to chief mechanical research 
and development engineer. As such, 
he will be in charge of the new 
mechanical-product area, which in- 
cludes controlled-volume pumps, en 
closed drives, and chemical relief 
valves. He came to the company in 
1953 after experience with American 
Pulley Co. and du Pont. The new 
product engineering manager is John 
P. Klembeth, assistant chief engineer 


a 


W. F. Eagan 


G. F. Mechlin Jr. 


. E. Kirkham 


A. J. Talamini Jr. 


since last year and with Robertshaw- 
Fulton Controls and Minneapolis 
Honeywell before that. 

> Westinghouse has named George 
F. Mechlin Jr. director of advanced 
systems engineering in the Sunnyvale 
Div. and Donald W. Gunther man- 
ager of the Semiconductor Dept. at 
Youngwood, Pa. Mechlin, who suc 
ceeds the late Weldon H. Brandt, 
will direct special studies related to 
experimental handling and launching 
systems for the Polaris missile. He has 
been with the company since 1949, 
first as a senior scientist in experi- 
mental physics, then as supervisory 
scientist on the submarine fleet rc 
actor project, and most recently as 
manager of this project’s physics sub- 
division. Gunther, who has been man- 
ager of the Materials Ingineering 
Dept., joined the Westinghouse train 
ing program in 1940. 

P Electro Tec Corp.'s new director 
of engineering is A. J. ‘Talamini Jr., 
formerly chief engineer of the Tech- 
nical Products Div. of A. B. DuMont 
Laboratories. An electronics specialist, 
l'alamini has also been with Federal 
Radio, RCA, and Kolarama Labora 
tories. He is a senior member of the 
American Rocket Society 

Perkin-Elmer Corp. has named 
R. Victor Harris general manager ot 
the Instrument Div., succeeding Van 
Zandt Williams (Ctl, Feb., p. 17¢ 


R. A. Bennett 


R. V. Harris 





Space Reporter wt vdork! 


... must be accurate... must be reliable 


These Qualities are the Standard for 
Engineering and Production at Daystrom 
Instrument. 
Our engineers and production specialists working together as a hard-hitting 
team have established an outstanding performance record in the manufacture 
of Radar Antenna Pedestals and related intelligence equipment. We have the 


necessary machine tools and other facilities to get the job done on a prototype 
or volume production basis. 


We can meet your immediate requirements or help you plan for your long- 
range needs. 


Contact us now for complete information about 
our qualifications in the Radar Intelligence field. 


Division of Daystrom Inc. 
ARCHBALD, PENNSYLVANIA 


=f DAYSTROM INSTRUME 
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One tape can’t 
serve all recording 
needs in magnetic 
instrumentation 


There are differences 
between pulse and carrier 
recording .. . therefore 

the tapes used in these 
systems must have different 
characteristics. Only in 
Soundcraft Instrumentation 
Tapes are these distinct and 


separate properties engineered 

into the oxide formulation. 

Soundcraft then adds two original 
processes — Uni-Level Coating 

and Micropolishing — to achieve the 
surface perfection found exclusively in 
the most advanced tapes of our time: 


| WHAT’‘’S NEW 


Harris joined P-E. in 1949 and became 
director of production in 1950 and 
assistant manager of the Instrument 
Div. in 1956. His previous experience 
was with Taylor Instrument Cos. and 
the MIT Radiation Laboratory. 

> Markus M. Epstein is the new chief 
engineer of Control Electronics Co., 
Inc. His previous experience was with 
Empire Devices, Inc., the Fairchild 
Pilotless Plane Div., Bell Aircraft 
Corp., and Lewt Corp. 

> Waldorf Instrument Co. has named 
Everett Gravenhorst director of engi- 
neering in the Fluid Systems Div. He 
comes from The Martin Co., where he 
was chief mechanical engineer. Earlier, 
he had been supervisor of hydraulic 
design at Air Associates. He is a recog 
nized authority on flight controls, hy- 
draulic and pneumatic power systems, 
and alighting gear equipment. 

> Paul Petrack has been appointed 
chief engineer for semiconductors in 
the Components Div. of International 
Telephone & Telegraph Corp. He 
joined the company last year from 
Radio Receptor Co., where he had 
been manufacturing and engineering 
manager. 

> Louis N. Ridenour, in charge of re- 
search for Lockheed’s Missile Systems 
Div., is doing a second hitch as a 
member of the Air Force Scientific 
Advisory Board. His first tour of 
duty: 1948-1952. During this period he 
chairmanned a committee to survey 
Air Force R&D activities. That com 
mittee prepared the report that led to 


the establishment of the Air Research 
& Development Command and the 
office of deputy chief of staff for de 
velopment. 


Soundcraft Type A Tape for Digital Recording 
Soundcraft Type B Tape for Telemetering 


Get the Soundcraft Tape that’s made 
for your application... get error-free 
recording! 


Obituaries 


Louis A. Durgin, 45, senior engineer 
at Allen B. Du Mont Laboratories, 
Inc. His home was in Pines Lake, 
N. J. 
B. E. Ejisenhour Sr., who invented 
the bimetallic, temperature-compen- 
iow . oa sated tuning fork while associated with 
Riverbank Laboratories of Geneva, 
Please send: Ill. He retired from Riverbank as 
on — : _ O chief engineer in 1956. 

— ape 0 F. E. Ericson, formerly president 
The special FM formulation in ‘Type B” is a Name of The Barden Corp., maker of pe 
highly refined form of gamma Fe,0; oxide with saseiin cision ball-bearings, in Danbury, 
high temperature binders, lubricants and anti- Se Conn. He retired in 1956. 
static agents to assure uniform speed and tape- vonne — , 
to-head-contact — preventing flutter. William G. Chenoweth, 32, senior 
city engineer in charge of high-frequency 


oe measuring equipment at the Berkeley 
reeves SOUNDCRAFT corp. 


Div. of Beckman Instruments, Inc. 
10 E. 52nd Street, New York 22, N.Y. © West Coast: 338 N. La Brea, Los Angeles 36, California 


* RCCH oxide formulation gives ‘‘Type A’’ higher 
ee | signal output and greater retentivity plus 

: F unique surface hardness for controlled tape 
wear rather than uncontrolled equipment wear. 





Company 





Death was due to injuries received in 
an auto accident. 
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“ARMAS SECRET WEAPON 


Bug hunting . . . failure testing . . . safety factors 
... flight testing—none of these traditional reli- 
ability concepts is sufficient to insure maximum 
performance of missile guidance systems. 


We use them all at Arma—but the designer’s 


pencil is our “secret weapon,” For true reli- 
ability must originate at the design stage—and 
then be implemented by a full-scale quality 
control and reliability program. ARMA. . 

Garden City, N. Y. A division of American 


Bosch Arma Corporation. 4921 


AMERICAN BOSCH ARMA CORPORATION 


APRIL 1958 





‘‘Hydomat’’ cuts 27 pounds off 
Standard Aircraft Control System 


Hydraulic Research's System Eliminates 9 Ibs. of Components Per Axis, 
Plus 10-50 Ibs. of Plumbing and Structure Without Sacrifice of Function 


The Hydomat is a powered flight control servo system of the 
multiple input type designed for control of a tandem hydraulic 
af cylinder. It will accept mechanical! signals created by the pilot, 

as well as electrical control signals created by electronic am- 
AMPLIFIE plifiers. Means are provided to remotely select the signal 
source to obtain the following modes of operation: 


1. Manual: Mechanical signals operate the valve in the conven- 
tional power control manner. 


2. Autopilot: Electrical signals operate the valve as a conven- 
tional electro-hydraulic servo valve. 


3. Damper: Mechanical signals operate the valve as in the manual 
mode with superimposed electrical signals to provide damping 


for improved airframe stability. 
OOST came For flight safety provision is made for full mechanical over- 





























VALVE ride of the electrical signal. 
i Hydomat modifications are currently in use in missile cont- 
POWER rol systems also. 
ACTUATOR Write for complete performance data. 


oni. HypRAULIC RESEARCH 


SURFAC AND MANUFACTURING COMPANY 
Subsidiary of Bell Aircraft Corp. 
2835 N. Naomi Street * Burbank, Calif. * Victoria 9-2227 
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NOW — A 14 CHANNEL DIRECT RECORDING 


OSCILLOGRAPH 


D/R 


MODEL 615 


Direct Readout 
— DRY — 
No Chemical 
Processing! 


The 615 D/R is a small, compact and eco- 
nomical version of Midwestern’s large 602 D/R 
and retains many of its outstanding features. 

In applications where 14 channels are suf- 
ficient, the 615 D/R is welcomed by test engi- 
meers and laboratory researchers who prefer 
INCREASED ACCURACY + TIME SAVED. 

Swift readout of completed records as they 
flow from this advanced instrument secures its 
position as a top priority preference in the field 
of oscillographic recording. 


Standard Midwestern Galvanometers are used. 





If you have a problem involving data re- 
aelge lure Mtlale(-Tamalelgulel Melm@m-> ic-tul-Maolale lifer 


aa MIDWESTERN 
— one of the many specialized models of 
Midwestern Instrument’s oscillographs will ee 
be your solution — Call, wire or write INSTRUMENTS 


Midwestern Instruments, Tulsa. 








41ST AND SHERIDAN / TULSA, OKLAHOMA 








High temperature (400°F.) Miniature MS “E”-type con- 
“E-type connectors. Poke nectors. A complete family of 
Home* contacts. miniatures. 


Smallest environmentally re- 
sistant MIL-C-5015C MS “E” 
connectors. 





93 SERIES Wa 94 SERIES 


field serviceable 


ef 


Subminax RF connectors for 
RG-196/U. Field serviceable, 
new cable clamp. 


Versatile line of Rack & Panel Polarized-shell Rack & Panels 
connectors with Poke Home* with Poke Home* contacts. 
contacts. ; Complete line. 





ALL NEW IN 1958 


AS SHOWN AT 


write for product information! 


Vidal LO] et tend 20), lie mele) ite) yale), | 
Hermetic Seal MS-type recep- 


tacles with contact identifica- CHICAGO 50, ILLINOIS 
tion on the insert. 
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CONTINUED EMPHASIS ON CUSTOM ENGINEERING 





AIRCRAFT 





Here’s your 


PHOTOGRAPHED ACTUAL SIZE 
BALL CIRCLE DIAMETER: %« INCH 





the b/b nut glides along the axis of the screw on roll- 
ing steel balls, converting rotary force and motion to linear 
force and motion with 4/5 less torque than acme screws. 

















SCREW TRAVELS: When rotary motion is applied to the 
b/b nut, the screw glides along its longitudinal axis on 
rolling steel balls, converting rotary force and motion to 
linear force and motion with unprecedented efficiency. 





An unprecedented achievement in minimum size 


and weight—maximum efficiency, dependability and 


service life for ultra-precise controls. 


It’s another first from Saginaw—and the 
possibilities it opens up for improved 
electrical and electronic controls are 
limited only by your imagination! Radar 
tuners, missile and rocket guidance and 
telemetering systems, automatic switch- 
gear, electronic machinery controls are 
just a few of the applications where this 
new miniature Saginaw b/b Screw will 
solve critical positioning /control problems. 
It’s so compact and light, you can save 
substantially on space and weight. /t’s so 
efficient, (over 90%) you can use much 


smaller motors and gear boxes. It's so 
precise, you can position components 
within .0005 inch per inch of travel. 
It's so dependable, you can rely on re- 
markably long service life even in 
adverse environments. 


You will find our 1958 Engineering Data 
Book extremely helpful in planning 
applications, or experienced Saginaw 
engineers will gladly make specific re- 
commendations without obligation. Just 
phone, write or mail the handy coupon. 


SEND TODAY FOR FREE 36-PAGE 
ENGINEERING DATA BOOK... 


Saginaw Steering Gear Division 
General Motors Corporation 


b b Screw and Spline Operation 
Dept. 8CE, Saginaw, Michigon 


S$ @ or see our section in Sweet's Product Design File 


Please send new engineering data book on Saginaw b b Screws and 


2G crew i 


‘SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS « SAGINAW, MICHIGAN 


Splines to: 


COMPANY 


| ADDRESS 


WORLD’S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLINES | CITY 


TATE 
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T TAYLOR POTENTIOMETER TRANSMITTERS 








I 





CALIBRATED TO YOUR SPECS. 





NOW we can offer you immediate de- 

livery of the 700T Taylor TRANSET* 

Potentiometer Transmitter—custom- 

equipped for your specific application. 

it’s the unique plug-in features of this 
instrument—plug-in amplifier, plug-in 

transducer, plug-in service ‘‘cans’’—that make it so 
superior and so readily adaptable to your needs. And 
it’s these same benefits of flexibility that permit us to fill 
your orders so promptly. 


Plug-in service “cans” means that the instrument can be 
quickly adapted for use with different primary elements 
by simply plugging in the corresponding can. (For 
thermocouple applications cold junction compensa- 
tion is provided in the can). 


Just one amplifier. You change its service by switching 
service cans. Both the amplifier and the transducer 
plug-in . . . means minimum instrument down-time 
for service. Also means low instrument inventory be- 
cause you only need one spare amplifier. 


*Reg. U.S. Pat. Off 


Check these additional benefits: @ Infin- 
itely sensitive to input signal. @ High 
order of linearity and accuracy. @ No 
moving parts such as slidewires, bat- 
teries, or standard cell. e Continuous 
vernier range adjustment. @ Contin- 
uous vernier zero or suppression adjustment. @ Con- 
venient front panel checkout and adjustment. @ Printed 
circuit, for completely uniform performance. @ Ther- 
mocouple burnout protection, either up or down scale. 


Acknowledged by users as the finest instrument of its 
kind on the market, the TRANSET Potentiometer is 
ideal for processes permitting the use of pneumatic 
receivers and controllers, whether large case or minia- 
ture. Its outstanding flexibility permits a narrow or 
wide range span according to process demands. 
. . s . 
Call your Taylor Field Engineer, or write for Catalog 


98262. Taylor Instrument Companies, Rochester, N.Y., 
or Toronto, Ontario. 








l'ransmitter converts a dc primary electrical signal into a 3-15 psi pneumatic output for controllers and receivers. 


INSTRUMENTS IN STOCK 
WITH THESE PRIMARY ELEMENTS 


THERMOCOUPLE .. . Copper-Constantan... 


Iron-Constantan ... Chromel-Alumel 


VOLTAGE... For pH; strain gages; tacho- 


meters; O-50 mv. 








Taylor Lustruments MEAN ACCURACY FIRST 
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SPECIFY CORE TYPE 
8UT5 for medium speed 
transistor driver memories 
80T 1 for high speed 
tube driver memories 
80T 1B for high speed 
transistor driver memories 
~/T 1 for super-speed, tube or 
transistor driver memories 
180TS for core switching 


application 


a al 
da 
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Sra. 
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oe 


UNDER ONE ROOF. At Telemeter Magnetics, Inc., ferrite core production and their end use 

are fortunately often merged into one functional design solution. Core production facilities work intimately 
with design engineers to produce magnetic cores of top quality at mass production rates. With this 
thorough grounding in magnetic core technology, TMI manufactures core matrices in a wide range of 
configurations and offers core arrays to individual customer needs. Core matrix assembly is done 

by highly trained production personnel and each matrix is tested under marginal conditions by special 

test equipment. With their own cores, arrays and storage modules, TMI has produced a series of 

buffer storage systems and random-access memories for General Electric, Remington Rand, ElectroData 
Division of Burroughs Corporation and others. If your problem involves ferrite cores, core matrices, 

or core storage systems, consult TMI first. 


write for company brochure to: Dept. CE4 


" 


/ | TELEMETER MAGNETICS Inc. 2346 Pontius Avenue, Los Angeles 64, Calif. 
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NOW! END READOUT CONFUSION... 
with the new KIN TEL digital voltmeter 


ANOTHER FIRST FROM KIN TEL! Here is a digital voltmeter that 
shows numbers on a readable single plane! With KIN TEL’s new 
design, there are no superimposed outlines of numbers in the 
picture...no confusion caused by dials and old style numerical 
readouts. This digital readout uses a simple projection system — 
provides 7,000 to 8,000 hours of lamp life, compared with 100 to 
200 hours for ordinary readouts. 


FIRST OF A COMPLETE LINE OF DIGITAL INSTRUMENTS! Others 
include: Converters for measuring AC, ohms, ratios...multiple 
input scanners...serial converters to drive typewriters and 
punched tape units. 


WIDE APPLICATION! KIN TEL digital instruments are ideal for 
automatic check-out systems for missiles and rockets; computer 
measurements; process control monitoring; production testing; 
test system calibration; strain gage, thermocouple and other 
transducer measurements, and calibration of laboratory and 
industrial electronic instruments. 


Talk to your local KIN TEL representative. Sales and service 
everywhere. Or write us direct for further information. 


See the difference! 


KIN TEL READOUT CLEAR AND SHARP, ANY WAY YOU LOOK AT IT 
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Over 10,000 KIN TEL instruments in use today! 


A Division of Cohu Electronics Inc. 


5725 Kearny Villa Road 
San Diego 11, California 





Common Pneumatic 
Component 
.. the heort of 
each instrument 


VS Squaring 
Reloy 


Bellows Type 
VP Pressure 
Transmitter 


Temperature 
Transmitter 


Bourdon Tube 
VP Pressure 
Transmitter 


vse 
Squore Root 
Extracting 

Relay 


It's YOUR move—in ANY direction—with 


Republic's New Family of Null-Balance-Vector Instruments 


Here are only a few of Republic’s 
new line of pneumatic instruments. 
Their sensitive, extremely accurate 
components are both compact and 
interchangeable. Their versatility 
is phenomenal. Consider: the Vector 
Series components in each of these 
instruments can be moved and re- 
combined in infinite variety. They 
form temperature transmitters with 
10-to-1 range adjustment . . . pres- 
sure transmitters of +0.5% accuracy 
. . . differential pressure transmit- 
ters with 20-to-1 range adjustment 

controllers which feature re- 
peatable re-set rate, less than 0.05% 
dead band and proportional band 
adjustment from 2 to 500%. 


The span of each instrument can 
be varied at will; only a screwdriver 
and a reference are necessary — zero 
need not be re-set. Republic’s Null- 
Balance-Vector design permits full- 
range operation with virtually no 
parts motion—and virtually no 
wear. 

This new family of pneumatic 
instruments was developed in a co- 
ordinated program to use the great- 
est possible number of common 
components. Because these can be 
interchanged, even among instru- 
ments performing entirely different 
functions, training and spare parts 
problems are greatly simplified. The 
versatility of Republic components 


is at once a challenge and an answer 
to imaginative engineers. A few 
minutes of discussion on this sub- 
ject could be well worthwhile . 
and a call to your nearest Republic 
Sales Office will set it up at your 
convenience. 


For detailed, descriptive folios write 


RepvusB tic 
FLOW METERS CO. 
ROCKWELL MANUFACTURING COMPANY 


2240 DIVERSEY PARKWAY CHICAGO 47, ILLINOIS 


in Conada: Republic Flow Meters Coneda, ltd.—Toronto 


@ 
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Manvufocturers of elect nd pnevumotic 
instrument and control systems for utility, 
process ond industria! applications 
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For only $250— 


A More Accurate 


HIGH-SPEED MILLIVOLT 
RECORDER 


This highly sensitive ‘American-Microsen’ Series 130 
Recorder, with all its operational advantages, costs less 
than others designed for the same jobs. Simple design, 
precision components and rugged construction assure 
sustained high accuracy and freedom from mainte- 
nance. The recorder withstands shock up to 30 times 
gravity. 


Since its introduction less than a year ago, the Series 
130 Recorder has been very successful because it offers 
a more accurate and durable method of recording dc 
electrical signals at lower cost. It is being used to record 
outputs of many different electrical transducers — for 


MILLIVOLTMETER REGORDER 
PERFORMS 6 FUNCTIONS 


Measures low-level de signals with calibra- 
tion accuracy within 0.5%, and sensitivity 
within 0.2% of span. 


Records on 3” continuous strip chart or 
IBM-type card chart, with linear coor- 
dinates. 


Positions recording pen with force many 
thousand times greater than usual direct- 
deflection electrical movements. 


Operates on force-balance principle— 
compensates for ambient conditions, 
changes in power supply and components. 


Records fast—up to 0.05 seconds for 63% 
of fullscale changes. 


Provides span and zero adjustments for 
easy calibration and zero suppression in 
the field, without special equipment. 


measurement of such variables as pH, gas analysis, 
signal strength and others. 

Many laboratories have adapted the Series 130 Re- 
corder to their analytical and scientific instruments to 
assure accurate, permanent records of results which 
previously were only indicated. The Recorder can be 
used with any device which can provide 200 micro- 
amperes or more in its output circuit. 

Standard ‘American-Microsen’ Series 130 Recorders 
are priced at $250.00. All models have ample power to 
operate alarm contacts which can be supplied at extra 
cost. Write for Bulletin MG10. 


SPECIFICATION BRIEFS 


POWER SUPPLY: 115 volts, 60 cycles. POWER REQUIREMENT: 9 watts. 


INPUT RANGES: Voltage — 0-20 millivolts to 0-100 volts dc. Current — 
0-200 microamperes to 0-100 milliamperes dc. Input Sensitivity — 6700 
ohms per volts. 


ACCURACY: + 0.5% of span. SENSITIVITY: + 0.2% of span. 
REPEATABILITY: + 0.25% of span. 
EFFECT OF SUPPLY VOLTAGE: Less than 0.5% error 90-130 volts. 


EFFECT OF AMBIENT TEMPERATURE: Less than 0.5% error 50° to 100° F 
and less than 1% to 130° F 


” 


MAXWELL 


M 


TRADE MARK 


INI JNOOW 9 
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RESPONSE TIME: Fast Speed — 0.2 seconds standard for 63% of fullscale 
input change; up to 0.05 seconds for 63% on special order. Slow Speed 
approximately 4 times fast speed setting. 


CHART SPEEDS: Strip Chart — 1” per hr., standard; 3” or 6” per hr. avail- 
able. Card Chart — 1 rotation per day, standard 


SPAN ADJUSTMENT: + 10% of span. ZERO ADJUSTMENT: 
span 


PANEL SPACE REQUIRED: Only 27 square inches 


100% of 


MANNING, MAXWELL & MOORE, INC. 


INDUSTRIAL CONTROLS DIVISION - DANBURY, CONNECTICUT 


MAKERS OF ‘AMERICAN-MICROSEN’ ELECTRONIC INSTRUMENTS FOR MEASUREMENT, TRANSMISSION AND CONTROL 
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YOUR PRODUCTS 
BEST OF BRAKES! 


ROLLING STOP... Master Type D 
Dynamic Unibrake Motors. Braking is 
obtained with a unique, patented brake 
winding superimposed on the stator 
winding. Simple, compact, with no 
DC current required, the brake has no 
moving parts. There is nothing to 
wear or adjust... braking torque 
Type 0, AC Dynamic repeats consistently. Particularly 
recommended for automatic 
applications where static 
holding is not desired. 
Sizes 4% to 30 H.P. 


UNIBRAKE MOTORS 

















STOP-HOLD... Master Type M 
Magnetic Unibrake Motors. For 
quick, controlled stopping... espe- 
cially when you want to hold the 
load. Spring-setting magnetic brakes 
of the friction disc type combine with 
motor in a compact, integral unit. 
Sizes... % to 150 H.P. 


MASTER GEARMOTORS and variabk 
drives can be furnished with Unibral 
too. See Master for the perf 

drive for you. 


THE MASTER ELECTRIC co. 
DAYTON 1, OHIO 


Type M—Magnetic 


pivision of RELIANCE —ss8e781¢ anne 
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CEC’s PROCESS CHROMATOGRAPH improves 





production of high-quality gasoline—at lower cost 





LEADING OIL COMPANY 

USES THIS SUPERIOR 
OLUTION TO GUIDE 
CESS ADJUSTMENTS 




































































CEC’s reliablé process chromatograph 


A major refiner reports improved quality control with their 
CEC 26-202 Chromatograph which is used in continuous 
monitoring of a depropanizer column. Rapid instrument 
response takes the guesswork out of process adjustment, 
helps produce higher-quality gasoline at lower costs. 
For automatic, continuous remote-control monitoring 
and for the recording of multiple streams, no —s La marae tgp Laboratory 
. ares eae os rs a 2 nromatograph guarantees speed 
instrument can surpass the 26-202 s simplicity, precise and superior reproducibility. Easily 
reproducibility, and precise regulation. operated by untrained help, the 
° a, 9 , >¢ res ¢ “xc > 
Sample volumes are reproducible to better than + 0.5%, 26-201A features an exclusive 
: Thermostatted Pre-Cut Column which 
temperatures are controlled to less than 1° F. reduces complex analysis time to 
This completely transistorized system provides minutes. Other exclusives are a 
trouble-free, continuous service. The Analyzer unit meets capillary high-pressure sampling 
: s : “a Nos ath accessory and a heated sample 
specifications for installation in Class I, Group D, Division | vaporizer which assures 
hazardous locations. The Control unit can be located at reproducibility of better than + 0.5% 
ae : ; iiume © See spose with sensitivity in parts-per-million. 
least 500 feet from the Analyzer. Contac ty our nearest Contact your CEC Field Office, 
CEC Field Office or write for Bulletin CEC 1836-X26. or write for Bulletin CEC 1831A-X8. 


..and for the 
laboratory 


Analytical & Control Instrument Division 


Consolidated €) 
NO MATTER WHAT YOUR PROBLEMS ARE El : ot “ 
Simply state your needs. CEC’s Application ec ro ynam i cs 


and System Engineers are available to ‘ , . 
design and install complete systems for any 300 North Sierra Madre Villa, Pasadena, California 
application. Contact your CEC Field Office. OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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IN ZW Miniature Hermetically 
Sealed Relays 
The reliability of this relay under 
RB M severe conditions of vibration and shock 
i has been field-proven in many appli- 


cations. It is another example of how 





BHSM and BHSM HT TYPES es = R-B-M’s production maturity and 
5 a complete facilities can eliminate many 
of your engineering problems. 


Consult your local RBM Product Application Engineer or write for Bulletin BHSM-1. 


RBM Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 
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Recording with the new Brush Mark 
II is remarkably simple. 


Operation is foolproof, with push- 
button chart speed selection . . . fast 
paper loading . . . self-cleaning, self- 
priming pens... built-in, permanently 
calibrated amplifiers. 


Recordings are accurate .. . easy 
to interpret . easy to reproduce. 
Mark II operates over a wide ampli- 
tude and frequency range (d.c. to 100 
cps), provides high stability, extreme 
sensitivity with an input range of 10 
millivolts to 400 volts. 


See how Mark II can speed your 
work, help you obtain data — the 
Brush way. 


é ia 
Convenient operation: 
fast paper loading 
without threading, 
pushbutton controls 
for 4 convenient chart 
speeds. 


Complete recorder with 
built-in, permanently 
calibrated amplifiers. 
Ten millivolt input 
signal gives a deflec- 


tion of one chart line. 


brush 


RECORDER MAR*K I[ 


* 
‘2 2#Q @ 


Trouble-free writing system 
features self-cleaning, 
self-priming, rugged pens 
and extra-large ink reser- 
voir. 


brush INSTRUMENTS 


OivisiOn OF 


3405 PERKINS AVENUE | CLEVITE | CLEVELAND 14, OHIO 
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If it goes through pipe 


anywhere in the world — 


CHANCES ARE IT'S 
CONTROLLED BY 


hy nis 


ry 








FISHER GOVERNOR COMPANY 


Marshalitown, towa/ Woodstock, Ontario 


in any field is never casually 

ved. In the case of Fisher it rep- 
sents more than three quarters of a 
century of continuing research and 


cumulative know-how 


Today, wherever gases, steam and 
liquids are to be controlled, engineers 
in the nation’s outstanding plants in 
the oil, gas, power, chemistry, paper 
and other processing industries 

think first of Fisher for the maximal 


solution. 





Since 1880 
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IT'S NEW!...1T’S FASTER! 
IT’S MORE ACCURATE! 


PIACE 





ELECTRONIC DIGITAL VOLTMETER 
— EDVM 


Noiseless — Transistorized — No Stepping 
Switches. Identifies point in problem being 
read. Read-out in .005 seconds. Accuracy 
of 0.01%. Moving parts replaced by solid 
state circuits. 


AUTOMATIC : | haa 
DIGITAL 

INPUT- 

OUTPUT 

SYSTEM — 

ADIOS 


Servo-set attenuators, pre- 














programmed on punched 
poper tape, permit four 
times faster pot setting. 
Two seconds per set with 


0.01% accuracy 





ATCH-BOARD CLUTTER 
ELIMINATED 





Countless studies at EA! Computation 
Centers dictated modular concept 
adopted in new, oversize Patch Panel 
design. Logical grouping of component 
connections replaces long patch cords 
with compact bottle plugs. ‘‘Hold'’ and 
“Reset control now provided for indi- 
vidual amplifiers. Connections for 3,450 


te ° ‘ , = : terminations facilitate maximum future 
ae . eS en expansion. 
AUTOMATIC EXTENDED ‘ ‘ —— 


READ-OUT — AERO 














Problem read-out points selected by Push 
Button Control. Read-out Time — Instanta- 
neous on EAI's new EDVM. Print-out — Four 
readings per second on new EAI Printer. 











The 231-R Computer provides more 
computing at less cost, in less space 
than ever before achieved in analog 
computer design. For complete details, 
contact Electronic Associates, Inc., Long 
Branch, New Jersey, Dept. CE-4. 











ELECTRONIC 


® 
ASSOCIATES © * MANUFACTURERS OF _ AIC |= 





PRECISION ANALOG COMPUTING 





A EQUIPMENT 
a> ff 
ACOA are 
¢ 





LONG BRANCH. NEW JERSEY eo TEL. CAPITOL 929-1100 
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INDUSTRY’S PULSE 


Making the Most 
Out of Maintenance 


The growing complexity of control equipment is hitting users 
hard in the maintenance department. You hear concern ‘show 
maintenance of control from all sides: the military, the process 
industries, and the metalworking shops. 


A recent statement by a military man (CtE, Feb., 4()) 
points out how big the problem i is getting. This speaker dl immed 
that military maintenance costs ran ten times the initial invest- 
ment in gear; that military maintenance was costing up to $20 
million per day. 

- Other military maintenance specialists tell you that the “ten 
times” figure is probably high; it might t apply in a few a 
cases, such as the nlaintenance on a computer-controlled < 
plane. More in line, they say, is a report by the U.S. ioe’ . 
Signal Corps, which figures it spends one- third the initial cost of 
its Missile Master system—a complex control system for firing 
missiles—for maintenance each year. 

‘The armed services have probably gathered the most data on 
maintenance. Specialists see three serious difficulties that hurt 
industrial users as well as military men. The problems: personnel, 
troubleshooting, and spare parts 


To repair today’s complicated control equipment, the main 
tenance man has got to have above average intelligence. Experts 
agree that if you are starting from scratch to train electronic 
repairmen it’s best to teach them basic circuits and how basic 
components work. The repair man can learn the system on the 
job. And if the system should change, he won't find it too diff 
cult, with his background, to learn the new system 

One refinery solved its maintenance personnel problem this 
way. Before its first electronic control system was installed, me 
refinery hired men with electronic experience (radio, ‘TV, 
military) who had never been inside a petroleum plant “te ah 
Then, when the system was installed, the new men were assigned 
to work with the control manufacturer. 

The Signal Corps figures that, starting from scratch, it takes 
about 30 weeks of training courses, followed by three to six 
months of field work, to turn out a skilled electronics technician 


Troubleshooting eats up the bulk of the repair man’s time 
The Signal Corps has found that, on the average, its mainte 


Cost is high 


The maintenance man 


Troubleshooting 
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Center Pivoted for Shock Re 


30 


DERANGEMENT 
IN DEGREES 


oo 
F vi 


Here is a chopper that operates during 9 High Temper ature 
and vibration, The movin 


: : 
pivots at its cane - for Remote 
Location 


ANGLE (ELECTRICA, DEGREES) 
30 60 90 120 180 160 


10 
~) 


5 ~25 +25 +75 +125 
AMBIENT TEMPERATURE (°c) 


Volatile Materials are 

avoided in Airpax choppers. 

Operation to +100C is 

standard for most types. 

; Airpax Series 310 chopper 

‘ Operates to +125¢. Units 

Double-Pole ‘ he, ee for higher temperatures are 


also available. 
Double-Throw 
for Synchronism 


DPDT CHOPPER * a4 Opp fe ———_—__ a 
INPUT ORIVE Meat a no as 


7 


For close tracking between 
two sets of chopper ms SP 
tacts, Airpax manufactu d the way with herm a 
~e rs. The two : tinues to lea t can be ope 
pa wrest track within Airpax a ppers. A chopper ote to need adjust- 
sets of contac - aled cho ; comes justed 
oe for adjustment See lo permanctitly oo 
ee ce oaasraneee mete ttne air-conditioned Airpax 

, ulator- a 
nn Sanaa. \ and pag vet pieardhartierrns for life 
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nance people spend 60 min troubleshooting for every 20 min 
repairing equipment. 

One of the reasons, some specialists feel, is that operating and 
maintenance manuals have been written by and for engineers 
—not maintenance men. They urge that these books be written 
in the maintenance man’s language, pinpointing maintenance 
and repair instructions and making them easy to find. 

Troubleshooting time has been shortened by increasing mod- 
ularization. Said one maintenance man, “The piece- part prob- 
lem was killing us. Now we have 10 or 12 components molded 
together in a plug: in unit.” Mounting a complete circuit on a 
cond j is also winning favor. ‘Troubleshooting attempts to identify 
the circuit that is causing the difficulty. W hen it’s located, a new 
card is taken from a file of spares and inserted, and the damaged 
one repaired or returned to the manufacturer for repair. 

But what maintenance men are looking for is some easy 
formula, like the procedure at one installation: First, check all 
connections; second, check the tubes! 


That leads to the last problem—spare parts. Recently a refin 
ery installed an electronic data logger. ‘he company was pleased 
with the price of $60,000. But when they got a suggested list of 
spare parts to keep on hand, company executives almost 
exploded; the list totaled $20,000. ‘This indicates another impor- 
tant aspect of the maintenance problem: how much capital has 
to be tied up in spare parts? 

Again the military supplies some useful guide lines. ‘The 
Army, for example, has a regulation that limits expenditures for 
spare parts at time of initial purchase to a maximum of 15 
percent of initial investment. ‘he Signal Corps finds that its 
complicated gear uses spare parts at an annual rate of 5 to 10 
percent of initial cost. 


Still unanswered is the question, is it better to sign a mainte- 
nance contract or do maintenance yourself? The military has 
been forced to buy outside civilian maintenance help because 
of its constant turnover of military technicians (one estimate 
the services get only nine months work from a 24-month soldier; 
the rest goes for training). ‘The Signal Corps, for instance spends 
almost $54 million a year for civilian maintenance. 

But for industry the jury is still out. A maintenance con- 
tract at ‘Tidewater’s Delaware City refinery has been in force 
for almost 18 months. It’s still too early for a definite decision 

One thing about the maintenance problem, however, seems 
sure. Design engineers are now showing a greater awareness of 
the problem; newer equipment indicates this sharply. 











Piece part 
problem 





PHILCO. 


MICRO ALLOY 
TRANSISTOR 2N393 


... Most easily driven, high-speed - 








switching transistor... 


for modern computer circuitry! 





Exceptionally Good Life Characteristics, 
Reliability and Stability 


Low Hole Storage 
Low Saturation 


High Beta at High Currents 


Philco’s new 2N393 transistor is exceptionally well suited to 
the special branching requirements of high speed computer 
circuitry. Wherever multiple circuits must be driven from 


= See a single unit, the new 2N393 significantly outperforms 
PHILCO MICRO-ALLOY . 
TRANSISTOR 


ordinary driven-stage transistors. 
TYPE 2N393 


BASE VOLTAGE, Vase IN VOLTS 


The 2N393 combines high gain with excellent high- 
frequency response at frequencies up to 50 megacycles. Beta 


met atc aH linearity is extremely good at currents as high as 50 milli- 
, amperes. The new 2N393 micro alloy transistor provides 
high frequency switching plus low saturation resistance. 

This new transistor design is particularly well adapted to 
direct-coupled logic circuitry. Polarities of the emitter and 
a collector voltages are similar to PNP junction-type transistors. 
2N393 Be i Make Philco your prime source for complete transistor appli- 
cation information... 


The 2N393 is also excellent for use in video amplifiers up to one megacycle. 
For complete specifications and prices on the 2N393, write Dept. CE-458. 





PHILCO. CORPORATION ~.,° 


LANSDALE TUBE COMPANY DIVISION 
LANSDALE, PENNSYLVANIA 








* Copies of the report, ent 


“America’s lop Management Suggests lmproved 
‘e)aline) Methods of Communication Between 
Research Laboratories and Executive Offices 


ENGINEERING are available from the 


Scientific Apparatus Maker 
APRIL 195 20 North Wacker Drive, C} 
4 4 Yos 


Talk to businessmen in their language 


While your primary job is design and application, clear inte 
pretation and evaluation of your accomplishments is a responsibility 
that is critically important to you and to your management. Perhaps 
the responsibility of reporting in business, rather than purely technical, 
terms has never been clearly delegated to you. Nevertheless, top 
executives expect it of you, as a study* by the Scientifie Apparatus 
Makers Association indicates. The study also quotes suggestions by 
America’s top executives on how you can improve your reporting. 
The statement of one deseribes what you should do: ‘*Clearly indicate 
the status of the work, the advantages and disadvantages of pursuing 
the work further toward production, the financial implications of the 
adoption of a new development for production (plant obsolescence, 
new investment in plant, tooling costs, ete.), and the situation relative 
to competitive companies.’’ Another tells what you should not do: 
‘‘Merely recite steps taken and difficulties encountered without 
furnishing an appropriate evaluation of progress against planned 
progress’’. Intended originally for research and development people, 
the advice applies so well to design and application engineers that 
we feel compelled to draw it to your attention now. 

How to heed this advice? Separate, from the final analysis, deserip 
tions of all preliminary work, testing procedures, and proof of results. 
Project the analysis into dollar advantages, if they exist, for the 
company and its customers (marketing people will probably help you 
with this projection). Report frequently. Communicate significant 
results in person—the study indicates that this is the procedure in 
nine out of ten satisfactory cases. Use seminar-type presentations 
with scale models and other props. Fit them to the backgrounds and 
interests of your management. 

Management can do a lot to pave the way for you. Executives who 
participated in the study admit that they need more frequent and 
more personal contact with their technical personnel, more technical 
study groups to dissolve the communication barrier. One who has 
recognized the difficulty in his company says, ‘‘In our organization 
there has been a trend toward separation of management from the 
working research man; we are working now to reverse this trend.’’ 
Help by speaking to the ear that understands what and why 


THE EDITORS 
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NEW DUAL-BEAM SU ae 
OSCILLOSCOPE 


Tektronix Type 502 
TWO-GUN CATHODE-RAY TUBE. 
200 y.v/cm SENSITIVITY, BOTH BEAMS. 
DIFFERENTIAL INPUT, ALL SENSITIVITIES. 
2, 5, 10, and 20 TIMES SWEEP MAGNIFICATION. 


CURVE TRACING with TWO BEAMS—(KHorizontal 


input sensitivity to 0.1 v/cm). Buel depley 


SINGLE-BEAM CURVE TRACING at 200 pv/cm, eahatdmsinen 
BOTH AXES. 


@ EXTRA FEATURE—Both amplifiers have transistor- 
regulated parallel heater supply. 


Here are a few uses for the Type 502: 
IN ELECTRONICS — Use the Type 502 as a general-pur- 


A pose oscilloscope and also to show simultaneously the 
. Aan waveforms at any two points in a circuit, ¢.g. input and 
RON TYPE $02 DUAL stam OscnioscomE output, opposite sides of »ush-pull circuit, trigge 
Pit wee f » OPT ite side a push-pu ’ geer 
’ ai UU and triggered waveform, etc. 
® —— IN MECHANICS— Display, compare, and measure out- 
puts of two transducers on the same time base; plot 
one transducer output against anothe r—pressure against 
volume or temperature for instance, measure phase 
angles, frequency differences, etc. 
IN MEDICINE—Display, compare, and measure stimu- 
lus and reaction, or the outputs of two probes, on the 
same time base; use differential input to cancel out 





common-mode signals, or to eliminate the need for a 
common terminal; use in routine inv estigations, etc. 
IN ALL FIELDS—The Type 502 can save you more than 


its Cost in time—in as little as one application ! 























TYPE 502 CHARACTERISTICS 


HIGH-GAIN AMPLIFIERS Automatic Triggering—fully automatic, or preset with amplitude-level selec- 
200-microvolts/cm deflection factors, both de-coupled and ac-coupled. 16 tion when desired. Sweep can also be operated free-running 

calibrated steps from 200 piv/cm to 20 v/cm. X-Y CURVE TRACING OPERATION 

Horizontal-input amplifier permits curve-tracing with both beams simultane- 
ously at sensitivities to 0.1 v/cm. For curve tracing at higher sensitivities (to 
Differential Input, Both Channels—Rejection ratios: 1000-to-1 at 1 myv,/cm or 200 pwv/cm) with one beam, one of the vertical amplifiers can be switched to 
less, 100-to-1 at 0.2 v cm, 50-to-1 at 5 to 20 v/cm. the horizontal-deflection plates. 


Passbands— dce-to-100 ke at 200 jiv/cm, increasing to de-to-350 ke at 
1 mv ‘cm and de-to-500 ke at 50 mv/cm to 20 v/cm. 


Constant Input Impedance (1 megohm, 47 jif) Both Channels—from 1 mv,/cm OTHER FEATURES 


to 20 v. cm, for use with Tektronix P510A Probes. (2-P510A Probes furnished). Amplitude calibrator, 1 mv to 100 v in decade steps—square wave, frequen- 


WIDE-RANGE SWEEP CIRCUIT (Common to both beams) cy about 1 kc. 


Single-knob control for selecting any of 22 accurately-calibrated sweep rates 3-kv accelerating potential on new Tektronix 5” dual-beam crt. 8-cm by 
from 1 psec/em to 5 sec/cm. 10-cm linear-display arec, each beam. 


Sweep Magnification—2, 5, 10, and 20 times, accurate within the maximum Electronically-regulated power supplies. Price $795 


calibrated sweep rate. f.0.b. factory 


Regular shipments of the Type 502 are expected to 
ENGINEERS nterested in * begin during June, 1958. However, your Tektronix 
furthering the advancement of ket | Field Engineer or Representative quite likely will be 
the oscilloscope? We have Te ro m 7 xX, | Ce able to arrange a demonstration somewhat sooner. 
openings for men with creative Please keep in touch with him for current details. If 
design ability Please write 


Ropiequet 1 Den P.0. Box 831 * Portland 7, Oregon you don't know where to find him, a postcard to the 
Eastneed ; " factory will get you that information along with com- 


Phone CYpress 2-2611 * TWX-PD 311 * Cable: TEKTRONIX plete specifications on the Type 502. 
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{ACTUAL SIZE) 


SILICON 
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New design 50 ohm attenuator 


0 to 132 dh in 1 db steps— 
DC to 500 MC 


% db accuracy full range for low attenuation 
values. Maximum error at full attenuation 2 db. 
“One-knob” control. Super compact design—size 
_« approximately 214” x 24” x 6”. 

These are characteristics of the new, rugged, sim- 
ple -hp- 355A/B attenuators. 

-hp- 355A provides 0 to 12 db in 1 db steps. -Ap- 
355B provides 0 to 120 db in decade steps. To- 
gether, 132 db of attenuation from DC to 500 MC 
is available, with simplest possible controls, pre- 


-hp- 355A/B Attenuators 


mium accuracy, and no complex setup. A solid- 
shield 50 ohm connector may be used to intercon- 
nect the two attenuators. 


These new -hp- attenuators have balanced capac- 
ities and completely shielded sections. They are en- 
closed in a sturdy metal case, yet weigh only 114 
pounds. 


Ask your -hp- representative to show you these prac- 
tical, minimum-space attenuators this week. 


SPECIFICATIONS 


Attenuation: -hp- 355A, 12 db in 1 db steps. -hp- 355B, 120 db 
in 10 db steps 


Frequency Range: DC to 500 MC 


Overall Accuracy: -hp- 355A, £0.25 db, DC to 500 MC. -hp- 
355B, £1 db, DC to 250 MC, =2 db, 250 to 500 MC 


Nominal Impedance: 50 ohms 


Maximum SWR: 1,2 to 250 MC, 1.5 to 500 MC 





Max. Insertion Loss: 0 at DC, 0.4 db at 60 MC, 1 db at 250 MC, 
1.5 db at 500 MC 


Power Dissipation: 0.5 watt average; 350 v peak 

Connectors: BNC 

Size: 2-3/16"” wide, 2-5/8” high, 6” long. Net weight 11, 
pounds 


Price: -hp- 355A, $125.00. -hp- 355B, $125.00 


Data subject to change without notice. Prices f.o.b. factory 


HEWLETT-PACKARD COMPANY 


4643H PAGE MILL ROAD * PALO ALTO, CALIFORNIA, U.S.A. 


CABLE *‘HEWPACK"’ 


* DAVENPORT 5-4451 


FIELD ENGINEERS IN ALL PRINCIPAL AREAS 


offers over 350 quality electronic test instruments 
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Punched-Tape Positioning 
Controls Britain’s 
Newest Wind Tunnel 


In Britain’s new 8-ft continuous flow windtunnel, covering speeds up to 
Mach 2.8, punched-tape positioning systems create the working section by 


flexing two 62-ft-long, 1-in.-thick steel plates to an accuracy of plus or minus 


0.005 in. and operate the equally large diffuser section. 
Speed control of the 80,000-hp compressor—the largest in Europe—has to 
be maintained to within 0.1 percent. To provide flexibility three modes of 


operation are available. In this article by Control Engineering's European 


Editor, these systems, together with the system for moving a 11/2-ton aircraft 


model, are described. 


DEREK BARLOW, Control Engineering, London 


In subsonic and supersonic wind tunnels of the 
continuous flow type, two variables—air flow and 
compressor speed—must be accurately determined 
and controlled. In subsonic runs, the air flow is 
controlled by varying the compressor speed, while 
supersonic speeds are developed and regulated by 
a suitably shaped nozzle introduced at the working 
section. ‘To slow the airstream down to subsonic 
speeds for re-entry to the compressor, a diffuser 
section of the same physical dimensions is required 
downstream of the model. 

In Britain’s newest 8-ft tunnel—one of the largest 
of its kinds in the world—infinitely variable nozzle 
shapes for different Mach speeds are formed by 
flexing steel plates at the top and bottom of the 
working section. ‘These plates are contoured by 
tape-controlled hydraulic operated screw jacks, Fig 
ure 1. Over a range of Mach speeds from 1 to 2.8 
in increments of 0.01, a single knob control auto 
matically positions the flexible plates and the dif 
fuser panels in accordance with the punched tape 
program, while the tunnel is on stream. 

The tunnel, recently constructed at the Royal 
Aircraft Establishment, Bedford, is an 820-ft closed 
circuit structure in which the compressor is an inte 
gral part. The working section operates over a range 
of from 0.1 to 4 atmospheres absolute. 


Nozzle and diffuser system 


The flexible plates forming the top and bottom 
of the working section are each 62 ft long, 8 ft 
wide, and | in. thick, and are supported on 30 pairs 


jacks, 


a 5-hp 


of 30-ton mechanical jacks ich pair of 
a jacking station, is driven by 
hvdraulic rotary motor. 

l'o provide shockfree, uniform airflow past the 
model at high Mach speeds, the plates must be 
iccurately curved to within 0.005 in. between each 
jacking station. This requires precise control of 
each station throughout the speed range of the 
tunnel, and freedom of movement when the tunnel 


OMpTisIng 


is sealed and the compressors running. Accuracy 
of control of the diffuser panels not so critical, 
requires a positional accuracy of only 0.050 in Che 
design thus takes the form of a series of movable 
panels situated in the side walls of the tunnel down 
stream from the working section, with adjustable 
air inlet doors providing a by-pass circuit to prevent 
compressor stalling. A tape-controlled impulsing 
system actuating an on/off hydraulic servo loop pro 
vides the single knob control required for setting 
the flexible plates and the diffuser panels, Figure 2. 
Each jacking station is controlled by two identi 
cal punched tapes, one for positioning and one fot 
monitoring. Reversible tape read 
chronism, controlled by the impuls« 
1 central 6.5-per-second pulsator 
and polarity of the impulses is 
Mach speed control setting 
[he tape readers employ standard five-channel 
tape. Each tape perforation corresponds to a jack 
movement of 0.0025 in. except in the downstream 
rea where more accuracy is required. Here, by 
changing the jack lead screw, 0.00125-in. steps are 
obtained. With a maximum jack movement of 
34 in. from Mach | to 2.8 the 14,000 perforations 


move in syn 
provided from 
ind the number 
dependent on the 
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required make tape lengths of 125 ft necessary on 
each of the 30 tape readers. The number and 
spacing of the perforations are so arranged that with 
the tapes starting from a common datum at Mach 1, 
the nozzle would successively pass through all the 
correct profiles up to Mach 2.8 in 40 min. When 
airspeeds must be lowered, the tape direction is 
merely reversed. 

Of the five channels, the two outer rows of per 
forations control the upper and lower stations indi 
vidually, since their movements may need to be 
slightly different to achieve uniform air flow. The 
two inner rows provide reversing signals for the 
upper and lower stations, and the center row, used 
on only eight tapes, controls the diffuser throat. 
On receipt of the impulse from the signal tape, 
Figure 3, the correct single revolution clutch (one 
of a pair to provide directional information) is 
energized and connected through a differential to 
a constant speed ac motor. The clutch in its one 
revolution advances a geared nut through a given 
angular displacement on an accurate pilot leadscrew 
attached to the flexible plate between the plate 
stiffener and main jack thrust beam. The nut dis- 
placement opens, through mechanical linkage, a spe- 
cially designed hydraulic pilot valve sensitive to 
movements of 0.0005 in. Opening the pilot valve 
allows the main directional hydraulic valve to admit 
oil at 665 psi to the 5-hp jack motor, which advances 
the jacks 0.0025 in. or 0.00125 in., according to the 
leadscrew pitch. The packs and lead nuts move 
in opposite directions, thereby restoring the pilot 
valve to the closed position, the original nut dis- 
placement acting as the error signal. 
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FIG. 1—Sectionalized view shows the 


variable nozzle and diffuser panels 


in Britain's newest wind tunnel 


Checking contacts on the pilot-nut drive are con- 
stantly aligned with identical checking contacts on 
the monitor units, the latter being driven by im 
pulses from the monitor tape. Should misalign 
ment occur between the two contact banks, the 
whole system is automatically stopped. In this way 
inappropriate nozzle profiles and/or plate stresses 
due to misreading of the positioning tape are 
avoided. 

Manually generated impulses, to take up dis 
crepancies and adjust the airflow characteristics, can 
be injected in either direction to any of the 30 
jacking stations; indicators show the number of 
steps injected. 

To prevent plate-overstress during flexing, curva 
ture gages, each consisting of a differential trans 
former with an actuating stylus so mounted that 
its movement gives continuous indication of the 
stresses in the plates, are fitted at each jacking 
station. Overstress due to a shrinking radius of 
curvature causes the wall movements to be halted. 
On any change of Mach number, an automatic 
scanner checks each gage for stresses outside pre- 
determined limits. 

A similar system, Figure 4, controls the side 
panels of the diffuser section actuated from the 
center row of the working section control tapes. 
The five side-wall hinged sections (the longest is 
25 ft, the shortest is 5 ft) are moved by hydraulic 
screw jacks. A servo system replaces the impulse 
units used on the flexible plates. Each tape step 
provides a wall movement of 0.050 in. with a maxi- 
mum rate of 1.8 in. per minute and positioning 
accuracy of 0.050 in. Manual corrections can be 
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made on any of the panel positions, either in port 
and starboard pairs or individually to achieve opti- 
mum. airflow. 


Compressor control system 


The main compressor, the largest in Europe, is 
a ten-stage axial machine driven by a 68,000-hp, 
eight-pole synchronous motor connected through a 
gearbox to two 6,000-hp de pony motors operating 
in tandem. ‘These two dc motors are energized in 
a simple series loop Ward-Leonard system by two 
similar machines acting as generators and driven by 
a 14,000-hp, 11-kv, 10-pole synchronous motor with 
automatic sequence control re 
actor starting, Figure 5. 

Three modes of operation of 
the compressor are possible: 

1. For subsonic work on re 
duced loads the compressor can 
be driven by the 12,000-hp dc 
motors alone, with the 68,000 
hp machine disconnected, pro 
viding a range of 150/750 rpm. 

2. For high power the 68,000- 
hp motor can be run at a fixed 
speed of 750 rpm, drawing its 
supply from the national grid 
system, with the de motors con 
tributing a further 12,000 hp. 

3. For full power variable 
speed, the main 68,000-hp mo 
tor is driven from a variable fre 
quency supply of 10-50 cps, gen- 
erated by two 20-mw gas turbine 
generating sets. ‘These provide a 
variable voltage of 2.2-11 kv over 
the frequency range. 

E:fhcient operation of the tun- 
nel at subsonic and supersonic 
speeds demands accurate com 
pressor speed control. ‘The auto 
matic speed control system, with 
an accuracy of 0.1 percent of the set speed, obtains 
its speed setting signal from a spirally wound 
potentiometer whose dc source is stabilized. ‘The 
compressor control signal is derived from the recti 
fied output of an inductor-type, temperature-con 
trolled tachogenerator driven from the main gear 
box. 

The error signal originating from the comparison 
of the set speed and the tachometer signal operates 
two control systems, one for rapid response cover 
ing speed disturbances up to 10 percent of the set 
speed and the other for wider speed changes. 

In the rapid response system, control is exercised 
by voltage variation on an auxiliary field of the 
variable voltage exciter supplying the two 6,000-hp 
de generators in the Ward-Leonard set. 

Wider speed variations outside the range of th« 
rapid response system control operate a power rheo 


stat in the main field circuit of the same variable 
voltage exciter which sets the coarse speed. 

When the main 68,000-hp motor is being driven 
from the variable frequency gas turbine source, the 
error signal controls the gas turbine fuel valves 
through a servo link to take up major load changes 
beyond the capacity of the de machine. 


Model control system 


Two separate positioning systems provide the 
pitch and roll settings for the model, which may 
weigh up to 14 tons (Figure 6 For pitch position 


an electrohydraulic system controls the 11-ton pitch 
ing quadrant over an arc of 45 deg \ straight 
forward magslip system transmits the desired set 
tings via directional hydraulic valves to 
positional setting accuracy of the quadrant to bettet 
than 0.025 deg. 

\ similar servo system provides roll motion by 
rotation of the sting (point support) on which the 
model is mounted, through 180 deg. Housing the 
drive system within the pitching quadrant—a cross 
section of only 10 by 30 in 
tioning accuracy of 0.125 deg against a torque load 
of 3 ton-feet necessitated using a small hyd 
motor operating at high speed; this agg 
accuracy problem. A 1,920:1 gear reduction achic 
by a final spur stage and two 
gear systems to eliminate backlash gave an accura 
of 0.125 deg. 


l hieve i 


and achieving a posi 
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yitra-rotating worn 


APRIL 1958 











A new approach to collecting 
Instrument-Industry Statistics 


LOUIS A. EDELMAN, U. S. Dept. of Commerce 


Here is the first report on how a new 
philosophy has been applied to hand- 
ling commodity breakdowns of the 


instrument industry. The approach: 


classifying instruments into six major 
subindustries according to generic 
product characteristics, then further 
subdividing into classes based on struc- 
tural differences. Tested in a survey of 
optical instruments, the new system of 
classification made it possible to find 
optical subassembly sales buried in the 
Census of Manufactures. 


EDITORIAL NOTE: 

In the July 1956 issue of CtE, we pointed out the 
need for a new industry breakdown, one that would 
assure recognition, definition, and proper classifica- 
tion of the control field. The philosophy described 
here by Mr. Edelman, and developed by Nathan 
Golden’s division in the Dept. of Commerce, appears 
to meet these requirements admirably. And it was 
devised with the instrument and control industry in 
mind. There is still a serious deficiency, however. At 
present there’s no plan for any followup of this devel- 
opment on an annual or even less frequent basis. The 
Bureau of the Census is not in a position to replace 
SIC (the Standard Industrial Classification System) 
with these new classifications in its Census of Manu- 
factures every five years; and Golden’s division has 
neither the money nor staff to attempt continual sur- 
veys of the instrument industry. That would seem 
to put it squarely up to trade associations, which al- 
ready collect a variety of data. We suggest that trade 
associations interested in maintaining instrument sta- 
tistics get together to find out how this new system 
of classification can best be used to help serve the 
members of the industry—The Editors 
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[he table opposite unveils a major phiiosophic 
change in the collection of usable statistics for the 
instrument industry. It contrasts data gathered 
using a new generic concept of classification with 
that available from the 1954 Census of Manufac 
tures, which was based on the Standard Industrial 
Classification System. Applied to optical instru 
ments and components, this new system divides 
sales of optical instruments and subassemblies into 
14 distinct categories, locates important optical sub 
assemblies lost in the Census figures. ‘The next 
step is to apply the same philosophy to obtain data 
on gyro, electrical, and mechanical instruments. 


SIC’s purpose and limitations 


It’s been increasingly apparent that the SIC sys 
tem used by the Dept. of Commerce’s Bureau of 
the Census doesn’t supply the instrument industry 
with all the statistical information it would like to 
have. The foreword to the SIC manual points out 
that this system was developed to aid economic 
analysis. ‘The criterion for industry classification: 
“To be recognized as an industry, each group of 
establishments must have significance from the 
standpoint of the number of establishments, num 
ber of wage earners, volume of business, employ 
ment and payroll fluctuations, and other features.” 

One of the major uses of SIC has been to measure 
the impact of the growth of industrial automatic 
control instruments and systems on the structure of 
the nation’s economy. For example, SIC Class 
3821—“Instruments for measuring, indicating and 
controlling physical properties”—is considered by 
many to be a good index of the trends in process 
“automation”. Similarly, Class 3613—“Instruments 
for measuring, indicating and controlling electrical 
characteristics”—is a guide to trends in the use of 
electrical power (another frequently used economic 
indicator). 

But the SIC is not geared to provide the type of 
commodity data which is significant to instrument 
manufacturers and users. A manufacturer of a 
mechanical instrument wants to know whether he’s 
maintaining his market position relative to other 
makers of mechanical instruments. At the same 





time, he is interested in how deeply electrical in 
struments capable of performing the same function 
are cutting into his market. Users are interested in 
similar comparisons, to enable them to mark trends 
in technology and to help them justify plans. 
Understanding this need, Nathan D. Golden’s Sci 
entific, Motion Picture & Photographic Products 
Div. in the Dept. of Commerce’s Business & De 
fense Services Dept. launched a program to develop 
a new system for product classification—one to sup 
plement, not replace, SIC. The new classification 
that resulted arranges the members of the instru 
ment industry into homogeneous production groups 
—analogous to the concept of “an industry” as 
applied to the steel, automobile and similar groups. 
What is called the “instrument industry” repre 


1954 SALES OF OPTICAL INSTRUMENTS 


sents a very loose category of over 1,000 establish 
ments, many of which are offshoot 
tries. ‘These companies produce several hundred 
thousand different cataloged items, most of which 
are difficult to identify with any particular type of 
facilities, skills, or processes. 

Classification difficulty exists not because of the 
large variety of instruments but because the instru 
ments are defined only in functional terms. Since 
it is possible to perform the same functions with a 
variety of instruments (each of which has different 
structural and operational characteristics and re 
quires different facilities, processes and skills for its 
production), and since some instruments, with suit 
able modification, can be made to perform a variety 
of functions, there is not sufficient differentiation 


of other indus 


GENERIC BREAKDOWN: 


(000 of dollars 





Finished optics, mounted and unmounted (except photographic and projection lenses sold separately) 


$9 ,342 


Magnifiers and reading glasses, including industrial magnifiers and loupes 740 


Binoculars, telescopes, rifle sights, field glasses, opera glasses, etc, 


Microscopes and accessories, including laboratory, students’, toolmakers’, traveling, stereoscopic, etc. 


Photomicrographic equipment 


Optical quality and process control instruments: 


9,183 


9 

2 
10,190.2 
3 

899.5 


comparators, optical gages, polariscopes, refractometers, and similar instruments used for measuring and 


testing goods in process, and for the examination and inspection of finished and semi-finished parts 


Spectrographic and spectrometric instruments, including spectrophotometers, monochrometers, etc. 


Metallographic equipment and accessories 


3,978.4 
8,899 
437 


Mapping, navigational, surveying, meteorological and geophysical instruments, including photogrammetric 


map-reproducing equipment 


Ophthalmic instruments, including hand diagnostic and refracting instruments, and other visual training equipment 
Medical internal examining instruments: endoscopes, peritoneoscopes, cystoscopes, gastroscopes, etc. 
Projection apparatus, including slide projectors, microprojectors, cinema projectors, etc. 


Photographic lenses: still, motion picture, and special-purpose cameras, and accessory lenses 


4,617 
4,244 
2,257 

52,621 

49 ,083 


Opt cal instruments of specialized nature, including military optical devices such as bombsights, fire-control 


instruments, periscopes; and other special-purpose instruments not elsewhere reported. 


94,267 





Total sales of optical instruments for 1954 


$250,762 


CENSUS OF MANUFACTURES: 


SIC 3831—-OPTICAL INSTRUMENTS AND LENSES—1954 


000 of dollars 





Photographic and projection lenses and prisms for sale separately 


Field glasses, prismatic and nonprismatic; terrestrial and celestia! telescopes 


Microprojectors and photomicrographic equipment 
Microscopes 


Optical measuring instruments 


$31,178 
9,741 
977 
6,854 


refractometers, colorimeters, spectrometers, spectrographs, spectrophotometers, polariscopes, contour projectors, 


metallographic equipment, etc. 


Other, not specified optical instruments, lenses, parts and accessories 


20,719 
52,344 





Total 


$121,813 
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he result: a twofold discrepancy develops. First, 
products that are manufactured with different types 
of facilities, processes and skills are placed in one 
group. ‘Then, instruments that require the same 
manufacturing processes, facilities and skills are 
placed in different groups. 


F'stablishing the new classification 


‘The first step in establishing the new classification 
system was to “redefine” the overlapping instrument 
industry into clearly defined “subindustries” with 
homogeneous production characteristics. This meant 
grouping together all manufacturing establishments 
which produce similar products with similar facili- 
ties, processes and skills. The method devised by 
the Dept. of Commerce was to divide instruments 
according to their generic characteristics. This sets 
up five instrument “subindustries”: 1) optical, 
2) gyroscopic, 3) electrical, 4) mechanical, and 
5) nuclear radiation. 

Investigation showed it was necessary to establish 
still a sixth group, to include packaged instruments 
and recorder-controller systems. 

This sixth class is the result of a dual interpre- 
tation of the word “instrument” within the industry. 
One connotation is a fundamental mechanism 
which converts electrical, mechanical, or other forms 
of energy into linear motion or torque to move a 
pointer or a pen. When the mechanism is enclosed 
in a case, together with suitable dial or other ancil- 
lary parts, it is sold as a complete instrument and 
identified as a basic instrument. 

In addition, instrument also can mean a piece 
of built-up apparatus which contains one or more 
basic instruments, along with circuitry or tubing. 
Identified as packaged instruments, these comprise 
up to 80 percent of purchased parts. 

To preclude any ambiguity, the term “packaged 
instrument” is confined to test and measuring in- 
struments, as distinguished from operational equip- 
ment. ‘Typical examples: waveform measuring and/ 
or analyzing equipment, field-strength intensity 
measuring equipment, and multifunction test gear. 

To get a more detailed picture of the overall 
instrument industry, the major groups were sub- 
divided. This was the second step in establishing 
the new system. A first subclass reflects distinctive 
structural features. It can be further subdivided 
on the basis of dimensional characteristics such as 
size, precision, sensitivity, etc. 

The development of the secondary and tertiary 
subclasses was oriented towards the type of pro- 
duction records generally maintained by the major 
groups. If production data is usually recorded in 
terms of the company’s model number, then the 
categories must be sufficiently descriptive to enable 
every firm in the group to identify its model. 

Each instrument class also reflects the functional 
application of the specific subgroups. 
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This, then, completes the picture of the homo 
geneous production group by establishing the three 
main features of that group: 1) operational, to 
describe product characteristics; 2) structural, to 
cover production facilities, processes, and skills; and 
3) dimensional and functional, to define functional 
application. 

A survey of optical instruments production, just 
completed by the Scientific, Motion Picture & 
Photographic Products Div., illustrates how this new 
philosophy can work (see data on page 87). The 
data has been disseminated over 14 categories. Fur- 
ther subdivision and refining are possible, but Dept. 
of Commerce drew the line at this point to pre- 
clude any possibility of revealing data of any indi- 
vidual manufacturer. In addition to identifying all 
sales of optical instruments and components, the 
survey permitted the department to determine the 
current and mobilization capacity for this group. 

It is obvious that the data differs materially from 
that reported in the 1954 Census of Manufactures 
for Series MC-38-1.2—“Optical Instruments and 
Lenses Industry”, and Series MC-38-2.3—“Photo- 
graphic Equipment Industry”. This is to be ex- 
pected since much data on optical instrument sales 
is buried in such SIC classes as medical instru 
ments, photographic equipment, surveying and draft 
ing instruments, and other groups. 


The future depends on industry interest 


Development of questionnaires for this type of 
survey requires an intensive knowledge of the prod- 
uct characteristics, functional applications, types of 
manufacturing facilities, processes, and skills for 
each of the six major product groups. ‘Therefore 
the division relies on members of each homogeneous 
production group for advice and guidance. 

Industry interest is the key to the future of the 
project. The production group as a whole can get 
no better classification and production data than 
the individual members of that group are willing 
to provide. If the group wants detailed data on 
types, sizes, and sensitivity classes, each member of 
the group must be willing 1) to maintain his pro- 
duction records in proper detail, and 2) to supply 
the data in detail. 

When the overall instrument program is com- 
pleted, it should be possible to provide various types 
of cross-data to, for example, determine not only 
how many aircraft instruments, recorder-controller 
instruments, laboratory instruments, quality control 
instruments were produced, but how many of each 
of these instrument groups were electrical, mechani- 
cal, gyro, etc. Whether such data will ever be 
available will depend largely on how strongly indus- 
try feels it needs this data and how much time and 
effort it is willing to give to help the Scientific, 
Motion Picture & Photographic Products Div. gather 
the pertinent information. 
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Xo = Piston position 
Ps = Supply pressure 


Qp = Flow of fluid to drive piston 





y = Percent of control valve stroke 


Q,= Total flow of fluid to hydraulic actuator 
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FIG. 1. Satisfactory hydraulic-servo performance requires a 
matching of control-valve flow-pressure characteristics with the hydrauli 
and mechanical impedances of the load (shown here 


A hydraulic servo (one is sketched in Figure 1) 
is usually only part of a more intricate control system. 
But it is one of the most difficult subsystems to alter 
experimentally. This means that required perform 
ance must be designed into it by pencil-and-paper 
analysis, a job complicated by the nonlinear effects of: 
* orifices 
- overlapped valves 
* poorly regulated hydraulic supply 

'he graphical method presented here for determin 
ing the servo’s transfer function gets around the 
difficulties of nonlinear analysis over an entire fre- 
quency spectrum by isolating the regions of operating 
frequency in which the characteristics of the hy 
draulic load on the actuator are constant. In addi- 
tion, it spots the effects which do change the hy 


draulic load characteristics. The method wa 
developed and used in the design of an 


pilot for a military jet aircraft. 
THEORY 

rhe nonlinear relationship betwee: 
the hydraulic actuator and the press 
the control valve is plotted in Figure 2 as a function 
of the stroke of the control valve. Bec 
of the control valve depends upon the characteristics 
of the load which it supplies, load lines can be con 
structed upon the curves, each load line representing 
a frequency region within which the transfer function 
is constant, even if not linear. Regardless of the 
shapes of the hydraulic load “lines” (they may be 
come elliptical within certain frequency ranges), the 
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Ownaz. Thus the load line represents a 
normalized hydraulic load impedance, 





Z Qmaz 
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An example puts theory to work 


Let the parameters of the subsystem 
in Figure | have these values: 


= 1.6 lb-sec?/in. 
1.4 in’ 
= 2in.® 





= 5 X 107% 
10-3 in.5 /Ib-see 





-0.4 


= 2,500 lb/in.? 
A,, effective area of combined supply and 
discharge orifices = 2.5 K 10~ in.* 











-0.6 


-0.8 








=.9 


p, fluid density = 8 X 10-5 Ib-sec?/in.* 
B=0;K =0 


Omer is the flow which passes 
through the supply and discharge ori 
fices when the piston is unopposed and 
full supply pressure acts across the ori- 
fices. The orifice coefficient is taken 





"=1.0 -08 -06 -0.4 





as 1.25. Then, 








FIG. 2. The shapes and slopes of load lines 
superimposed on control-valve flow-pressure characteristics 
depend on the variation of load impedances with frequency. 


flow to the actuator can be read from their intersec- 
tions with the flow/pressure-drop curves for each 
value of input displacement. 

The hydraulic impedence, Z,,, is the relationship 
between the flow of fluid to the hydraulic actuator 
and the pressure drop across the actuator: 

Pm = Z9¢Qm (1) 

The pressure needed to drive a dynamic mechani- 
cal load, Z,, a distance X, is related to the actuator 
piston area by 
Zt Xe 
a ae 

O,, is made up of : a flow, Q,, of fluid to the ac- 
tuator; a leakage flow, Q,; and an equivalent flow, 
Q., of compressed fluid. Q, equals the area of the 
piston times its velocity. OQ, equals the leakage co- 
efficient, L, times the average pressure. O, equals the 
product of the fluid compressibility, «, the volume, 
V., of the fluid under compression, and the rate at 
which the pressure is changing. Combining this in- 
formation with Equation 2 and substituting in Equa- 
tion 1 gives the expression for hydraulic impedance: 


Z1 
j 2nf (A? + o¢V. Zt) + LZ, 
Z,_ is calculated at a frequency, f, and substituted 
in Equation 1 to calculate values of P,, and Q,, for 
a load line. To conform to the coordinates of Figure 


2, first P,, is divided by P,..2 and Q,, is divided by 


Par = (2) 


le = (3) 
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0. 


<§2.5 X 10 (2,500/8 X 10%)!” 
2,500 


= 7x 10 


Multiplying Equation 3 for Z,, by this normalizing 
factor and substituting numbers yields these values 
for Zyyn, the normalized hydraulic impedance: 

Z pan - 
1.6(j w) 
4+5X10*X1.4X1.6 X Gw)}a+ 10 X 1.6 Xjo 
= |Zpen| 20 (4 


7X<10-4 


Load lines can now be plotted from Equation 4 
when it is solved for frequencies » = 2af. At ex- 
tremely low frequencies the subsystem will operate 
along load line B of Figure 2, since there is no re- 
straining load in the form of a spring and very little 
pressure drop is needed to provide high fluid flow. 
When there is a spring load, the proper load line 
would look like line A. At slightly higher frequencies 
the flow is in phase with the velocity of the piston, 
while the pressure is in phase with the piston posi- 
tion. The phase of Z,, then is near —90 deg and the 
load line has an elliptical shape similar to that of one 
of the curves C in Figure 2. The particular ellipse 
depends on ¥ mez, the maximum percent of control 
valve stroke. The flow leads the pressure, and the 
direction of travel around the ellipse is counterclock- 
wise. 

Elliptical load lines are quickly constructed by solv- 
ing Equation 4 exactly only at critical frequencies and 
then drawing smooth curves through the values. 
When one ellipse has been constructed for a fre- 





BASE CURVE C, 
IS PLOTTED FROM THESE VALUE 





Qm P, 
= 1 sin wt : 
Qmax eae 


sin 0° = 0.00 0.4 sin 34° 0.22 
sin 56° = 0.83 0.4 sin 90° = 0.40 
sin 90° = 1.00 0.4 sin 124° = 0.33 
sin 146° = 0.56 0.4 sin 180° = 0.00 
sin 180° = 0.00 0.4 sin 214° = — 0.22 
sin 236° = — 0.83 0.4 sin 270° = — 0.40 
sin 270° = — 1.00 0.4 sin 304° = — 0.33 
sin 326° — 0.56 0.4 sin 0° = 0.00 


Point 0.4 sin (wf + 24° 





quency, others for different ymoz at that frequency 
are proportioned to it. In _ the example, 
Zon = 0.4/34 deg at w = 500 rad per sec. 


l aking 

Qm/Qmaz = 1 sin (wt), 

P,./ Pmaz = ZpqnQm/Qmar = 0.4 (1) sin (wt + 34 deg) 
I'he table lists values calculated for construction of 
base curve C, in Figure 2. Curve C, for yma: = 1 1s 
proportioned to it. 

As the frequency increases further, resonance may 
cause the pressure to pull in phase again with the 
piston position and the load line to collapse again to 
a straight line. Because the load line depends on the 
characteristics of the load at the given frequency, its 
slope is not necessarily the same as that at extremely 
low frequencies. Load line D represents the resonance 
that occurs in this example at » = 600 rad per sec 


At still higher frequencies the inertia term of Zo, pre 





dominates: the pressure is in phase with the accelera- 
tion of the output member, the phase angle of the 
hydraulic impedance approaches +90 deg, and the 
load line again becomes an ellipse. But the direction 
of movement along the ellipse is clockwise because 
the flow lags the pressure. At extremely high fre- 
quencies the compressibility of the fluid becomes the 
predominant factor and the phase angle of Zoyon 
swings back to — 90 deg. Very little pressure is avail 
able to drive the load and the load line is similar to 
line B. 

The response of pressure to valve stroke in the 
various frequency regions is plotted in Figure 3 by 
locating the intersections of load lines A, B, C,, and 
D with the control valve characteristics. The non- 
linearities are apparent at each frequency. To deter 
mine the actual output position X, as a function of 
percent valve stroke, y, at each frequency, the values 
of P,, obtained for Figure 3 are substituted in Equa 
tion 

One can consider the effect of valve overlap on the 
transfer function of the hydraulic system by redefin 
ing the constant y curves of Figure 2. If the overlap 
distance is 0.2 y, the zero displacement curve would be 
labeled Y = — 0.2, 0, 0.2 instead of y = 0. Likewise, 
each of the ¥ curves would be relabeled y + 0.2 
I'he procedure for plotting output X, as a function 
of y would then be carried out in the manner just 
desc ribed. 

Another nonlinearity that might be analyzed is the 
effect of a supply pressure characteristic that droops 
with increased fluid flow. Again the load lines would 
remain constant, but the P-Q curves of the control 
valve would be redrawn to include the effect of the 
poor regulation. 


FIG. 3. The relatic nship [ 


ind valve stroke is a nonlinea 
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Custom-Designing Controllers 


for Time-Based Routines 


THE GIST: The complex operating cycles of today’s processes and machines 
mean added work for timers in automatic controls. In many cases, the timers 
themselves assume the proportions of full-fledged subsystems and even 
qualify for the more descriptive name of time-based program controller. The 
point has been reached where the designer must make simplification an 
objective. In this first of two articles, the author explains various techniques 
for translating time-based control routines into mechanisms that are accurate 


without being overly involved. 


EGON E. MUEHLNER, Convair—Astronautics 


The routines or programs built into a great num- 
ber of automatic control systems operate on a time 
base. The key component in such controls is the 
timer which provides the command signals that, 
say, start an electric motor at time zero, open a 
valve at time zero plus 10 sec, etc. In recent years, 
the time-based routines of certain processes and 
machines have become so lengthy and complex and 
have required such levels of accuracy that timer 
technology has had to advance rapidly. The point 
has been reached where in certain applications the 
“timer” is actually a major piece of control appa- 
ratus that is more fittingly described by the term, 
time-based program controller. 

The basic problem in the design or selection of 
a time-based program controller is to provide: 

1. Sufficient capacity for the length of the routine 
and the number of control actions to be initiated. 

2. The accuracy needed to assure the occurrence 
of control signals within the allowable time limits. 

It will be seen in the following discussion of the 
design of program controllers that these objectives 
often require an especially high level of ingenuity 
from the control designer. Often, to prevent a 
program controller from becoming excessively costly, 
intricate or bulky, he must reach for new compo- 
nents and techniques not ordinarily thought of as 
being associated with the “timer” field. 


Programmer forms 


One of the simplest time-based program con- 
trollers is the synchronous interval timer, Figure 1. 
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Here, a motor (not shown) drives a shaft carrying 
a disc and cam piece. The mercury switch is actu 
ated at an instant of time determined by the posi 
tion of the cam along the circumference of the disc 
and by the shaft speed. In multiple timers, several 
cam discs are arranged on one shaft to actuate a 
corresponding number of switches. Multiple timers 
have an added feature in that adjustments can be 
made in the time relationships among the pulses 
produced by the various cams. 

In a majority of cases, mechanical contacts re 
place the mercury switch because of their better 
timing accuracy. Multiple timers usually have 
adjustments for permitting changes to different 
switching patterns without taking the whole pro- 
gram controller apart. This can be done by pro 
viding two settable cams for each switch, one 
governing the beginning and the other determining 
the end of the “on” portion of the cycle. By 
proper cam design, it is possible not only to switch 
something on or off, but also to realize signals of 
predetermined amplitude and slope. 

Program controllers incorporating such cams are 
used, for example, in the control of temperatures in 
the chemical and glass industries. Curing ovens, 
heat-treat furnaces, and cooling ovens rely on tem- 
perature programming, whereby temperatures are 
made to increase or decrease slowly along a defined 
curve over a time base of hours, days, or even 
months. In such program controllers, the ampli- 
tude of the motor-driven cam is sensed by a lever 
mechanism and then translated into an electrical 
value by a potentiometer or variable inductance. 
The voltage obtained actuates a feedback control 
system containing a temperature transducer, which 





Mercury 
switch - 


Follower 
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1. Synchronous timer with cam-operated mercury switch 


positions the power controller of the heater. Where 
desired, a number of cams can be provided to simul 
taneously control other temperatures and auxiliary 
functions, such as starting motors or opening oven 
doors at the end of the cycle. 

As versatile as the synchronous timer is, some 
of today’s applications tax its capabilities in two 
areas: accuracy and capacity. The latter character 
istics are closely related as can be seen by considera 
tion of a factor known as “relative accuracy’ —a 
criterion that came into being because accuracy 
requirements cannot be properly evaluated without 
relating it to the duration of the routine (or the 
capacity of the program controller). 

For example, it may be more of a problem to 
actuate a switch after 30 days with an accuracy of 
plus or minus | min than to hold a 10 sec interval 
to plus or minus 0.01 sec, because the relative accu 
racy, which may be defined as the ratio of permis- 
sible tolerance to duration, is greater. The relative 
accuracy, a, in each of the two cases is: 


1 min 
30 days 


0.01 see 
10 sec 


he reciprocal value of relative accuracy is called 
resolution, and is numerically identical to the num 
ber of time increments that must be accommodated 
by the memory. In the first of the above problems, 
43,150 increments are needed, while in the second 
only 1,000 increments are required. The simple 
cam is largely inadequate for applications involving 
so many discrete increments because its readout 
accuracy is usually on the order of plus or minus 


#y in. (tantamount to a spread of "5 in.) including 
the pick-off mechanism. With such accuracy levels, 
the length of a cam needed in the first example 
would have to be 43,150/32 or 135 in., and even 
in the second problem would entail a trace of 
1,000/32 or 31.26 in. It is difficult to accommodate 
such long cam paths (or grooves 
or cylinder. While it is possible hold the cam 
accuracy to a better value or to arrange the path in 
the form of a helix or spiral, such paediivn are 
probably of only marginal advantage 

The most practical way of achieving a very long 
path is with the use of some type of tape, 
modating mechanical, magnetic, or photographic 
traces. In recent years, mechanical traces in the 
form of punched tape or cards have been developed 
to a high degree of perfection and versatility, as 
evidenced by successful experience with equipment 
such as office machines, computers, and Teletype 
machines. And mechanically-grooved plastic tape 
seems feasible for special purposes 
is an important consideration. 

In addition to capacity for the prescribed length 
of trace, program controllers must also have sufh 
cient lateral capacity to carry the number of routines 
that occur simultaneously. Multichannel control 
is, of course, possible with mechanical devices. For 
example, many cams or guides can be placed on 
a single synchronously driven shaft, while tapes can 
be fitted with several parallel traces. But if more 
than, say, 10 or 20 channels have to be taken care 
of, and particularly if there are different cycling and 
accuracy requirements, the problem probably too 
involved for simple mechanical traces and the de 
signer should look for other means. 

Electrical components functionally equivalent to 
the mechanical devices described can be assembled 
to produce program controllers that are superior for 
many applications. For example, the equivalent of 
a “mechanical trace” in the electromagnetic realm 
is a magnetic recording on tape. This t 
has the advantage that several traces « 
a broad tape side by side. In add ' 
to multiplex by using the sig to modulate a 
constant frequency. ‘Thus sever 
quencies can be recorded on on¢ 
rated from each other at readout 
\ rather large number of chant 
modated with these means, 
tremely complex signal pattern 
periods (a single tape can run f 

In view of the multiplicity of hardware 
for the memory and other functions, the designer 
should list all the possible solutions to the program 
ming problem, analyze these possible 
and, then select the one which suit 
The task of finding these seahie 
necessarily practical solutions at first—can be facili 
tated by the “total block diagram of programmers” 
that will be explained later in this arti lc \ pitfall 
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magnetic tape with two information channels 


Digital program controller employs 


to be avoided is the occasional tendency to design 
involved program controls where simpler approaches 
would suffice. This tendency is particularly evident 
when prejudices for or against certain types of com- 
ponents exist. ‘The penalty for such prejudice may 
well be excessive cost or complexity brought about 
as a result of lack of compatibility. 

Assume, for example, that magnetic tape has been 
chosen for the memory and mechanical switches for 
the final contacts of a given control. Choice of 
the first is based on its flexibility with respect to 
the stored information and because it is a familiar 
medium in the electronic field. The switches were 
selected because of their ruggedness and simplicity. 
It is found, however, that magnetic tape and me- 
chanical switches are somewhat incompatible so 
that an intermediate arrangement consisting of an 
amplifier, a step motor, a shaft with discs and cams, 
and levers actuating the switches is needed. The 
resulting system actually has two memories. The 
first memory, the tape, represents the “event” mem- 
ory; the second one, an array of cams, represents 
the “what and how long” memory. Such an instru- 
ment may be too complex and not very suitable 
for many applications. On the other hand, its flexi- 
bility suits it for complicated signal patterns. 

The use of double memory, including the “event” 
and the “what and how long” functions just men- 
tioned, is essential for extremely long and compli- 
cated control routines. Some channels can be used 
to direct or to process in a special way the informa- 
tion of other channels. For instance, the first chan- 
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nel of a multichannel program controller may carry 
a certain signal pattern, while a second channel 
directs this signal pattern first to station No. 1, then 
to station No. 2, and so on. The pattern may be 
changed for the different stations, or treated (ampli 
fied, rectified, etc.) in different ways. ‘This prin 
ciple can be combined with multiplexing. Another 
form of double-memory control contains a stepping 
switch that receives pulses from a geared-down 
contactor. Every time the stepping switch moves, 
the tape is run for a set time during which the 
recorded signal is played back and directed to the 
various components that are to be actuated. Direc 
tion can be effected by a second contact array of 
the stepping switch. 


Digital techniques 


The tape traces considered up to this point have 
been regarded as being comparable to those of 
cams. Such traces are described as analog in that 
the function to be controlled is represented by dis 
tances from some reference line. ‘These distances 
change continuously and in infinitely small steps. 
Purely analog traces have their limitations even if 
tape, with its costly transport mechanisms and 
rather involved playback apparatus, is used. Gen 
erally, analog traces cannot combine very long run 
ning times with high accuracy, and are not suitable 
for complicated signal patterns. But they are often 
the simplest and hence the most practical solution. 

The versatile digital-computer techniques have 
also been applied to the task of program control. 
Of the large number of possibilities evolved, two 
that are typical of what can be done will be de 
scribed here. The first employs digital techniques 
with magnetic tape, Figure 2. Assume that there 
are 16 circuits to be controlled, each through a 
relay that can be switched on or off at any time 
within certain limits of running time and accuracy. 
Five-digit binary numbers are recorded on_ tape, 
which carries two information channels. Data on 
one channel determines which relay will be ener 
gized while timing signals are recorded on the sec- 
ond channel. ‘These are equivalent to a “what” 
memory and an “event” memory, except that the 
two memories here are acting simultaneously and 
not sequentially. 

The numbers on the first tape channel are fed 
into a five-bit shift register, and, when a timing 
signal is produced by the second tape channel, 
through parallel enabling gates to the logical switch. 
The logical switch is a diode matrix that directs 
the signal to the particular relay identified by a 
binary number. ‘The appearance of binary 0101] 
(decimal 11), for example, admits voltage to relay 
No. 11. ‘The pulses pass through a 16-bit parallel 
storage register that performs the function of hold- 
ing the relay until the signal for its release comes 
along. ‘I/his signal is represented by the correspond- 
ing binary numbers from 16 to 31. 





The second example is a digitai program con 
troller that does not use tape and has no moving 
parts. Employing electronic switches, the circuit 
in Figure 3 operates as follows: a digital clock o1 
steadily increasing binary counter feeds an array of 
diodes and switches. Each diode is connected to 
cither the 0 or 1 output of a binary counter stage, 
depending on the position of the switch, which is 
set manually beforehand. The switch positions 
establish the program. The output channels of the 
diode matrix are connected through buffer circuits 

not shown) to the terminals of electronic switches 
or relays. For an output channel to be at +E volts, 
all of the diodes wired to that channel must be 
connected to outputs of counter stages, which are 
high at the moment. ‘The switches or relays can 
be actuated accurately at any time within the capa 
ity of the counter. 

A general shortcoming of digital programmers is 
the large number of components required. De 
pending on the number of channels and the resolu 
tion (number of time increments), several hundred 
transistors and diodes may be employed. And, 
although the programmers need not be bulky or 
heavy, they will be expensive and justifiable only 
where their advantages of speed, flexibility, accu 
racy, and insensitivity to vibration are important. 
(hese advantages are offered particularly by the 
tapeless programmer. Because of the addition of 


the tape mechanism to an otherwise 
purely electronic scheme, the tape 


controller is more complicated and 
more prone to mechanical failure, 
but is more suited to handle ver 
extensive programs. 

As stated before, a magnetic tape 
can be considered as the functional 
equivalent of a mechanical tape. 
Similarly, the components of a 
digital program controller not only 
are similar to, but also can actually 
be replaced by mechanical parts. 
It is quite interesting to test this 
statement by replacing the elec 
tronic counter of the tapeless digi 
tal programmer with a mechanical 
counter. 

Figure 4 shows a schematic of 
an ordinary mechanical counter of 
the odometer type, driven by a 
motor or some mechanical input. 
Notches are provided on the coun 
ter wheels, which are arranged so 
that when a certain number is 
shown on the counter, all notches 
face in one direction. Upon such 
alignment, an appropriate number 
of coupled levers fall into the 
notches and thus actuate a switch. 
The notched counter wheels are, of 


course, adjustable. In this arrangement, well known 
from so-called predetermining counters, A, B, and C 
are the stepwise-moving, notched wheels of the odom 
eter-type three-digit counter, whose positions indicat« 
decimal numbers. Coupled levers G;, Ge, and Gs, 
under the influence of a compression spring, can 
move to the right only, when and if all levers hit 


; 


a notch. In this case, the notches can be set to 
correspond to any whole number between 0 and 
999. The horizontal bar hits the trip rod of the 
snap-action switch which, at a later time, may be 
released by a duplication of the 
scribed: i.e.. by a second counter with levers G4, 
G;, and Gg. 

Ihe schemes depicted in Figures 3 and 4 have 
the following components in common 

1) A digital counter 
2) A “coincidence device’, 
ind if coincidence exists between a 
into this device, and a number 
counter. 

3) Switches actuated by the coincidence device 
through suitable intermediate means 

rhe similarity of these two approaches seems to 
be more interesting than the evident differences 
Both have their merits. ‘The mechanical counter 
is simple, inexpensive, and easy to set. It is reliable 
for moderate speed requirements unless exposed to 
severe vibration. A counter for switching 
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function is required, however, whereas the electronic 
program controller needs just one electronic counter 
for any number of output channels, and is much 
better suited for complicated signal patterns. 
While the electronic and mechanical counter 
schemes described here rate as digital, a simple cam 
timer is purely analog in nature. However, the two 
principles involved are not so far apart as it may 
seem, and the field in between appears to be fertile 
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FIG. 5. In two-speed mechanical timer, the switch is actuated 


only when both cam pins are shifted simultaneously 


Two-speed principle applied to gliding-contact timer. 


for a variety of hybrids. The designer should not 
overlook possibilities which present themselves here, 
unconventional as they may sometimes be. A hy- 
brid analog-digital system can, for example, help 
overcome the principal disadvantage of a simple 
analog system, trace length, which may be quite 
awkward if the number of time increments is high. 
In some operations, only the beginning and the 
end of a trace actually do something, while the 
length in between performs merely a holding func- 
tion. This opens the possibility of driving the pro- 
gram controller at rated speed only when the trace 
extremities are being read and stopping or slowing 
the drive during hold periods. Such action can be 
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provided by means of a step motor, fed either by 
a continuous sequence of pulses or by an event 
programmer which produces a pulse only when an 
event is to take place. The result is a marked 
reduction in the trace length needed. 

\ step motor driving a shaft with a number of 
cams that actuate mechanical switches can be com 
pared directly to the controller of Figure 3. The 
action of the switches corresponds to the output 
of the diode array, and that of the constant-ampli 
tude cam lengths to the functions of flip-flops or 
holding relays. When an event programmer is used, 
the cams and the related pick-off levers perform no 
timing function. Such an arrangement suffers from 
a superfluity of components because the step motor, 
operating as a stepping switch, could be used as a 
programmer directly, with or without holding relays. 
Since the similarity of these programmer schemes 
to the digital electronic programmer in Figure 2 
is so striking, the stepping-cam programmer can no 
longer be called purely analog. The stepping motor 
provides, at least in part, the properties of digital 
techniques. Moving an electrical or mechanical 
trace in steps affords higher accuracy than a con 
tinuously moving trace of necessarily limited length. 


Two-speed controllers 


Digital and analog techniques can be mated in 
second way. Consider that the accuracy of a sim 
ple analog trace depends on the speed with which 
the beginning and the end are moved past the pick 
off, and that total time depends on the length. By 
assigning these tasks to two traces operating at dif 
ferent speeds, a versatile class of controllers, desig- 
nated as “two-speed”, are evolved. These are com 
parable to two-digit counters and for this reason 
qualify as offsprings of digital techniques. Figure 5 
shows one of the many possible forms of the two 
speed principle. Discs A and B rotate on separate 
shafts and at different speeds, which are maintained 
at a fixed ratio equal to a whole number. Both 
discs have mechanical traces in the form of milled 
grooves, which are engaged by pins. The pins are 
attached to a lever guided through a slot by a 
stationary pin. The lever actuates the switch lever 
or contact spring when both traces produce an effec 
tive excursion at the same time; i.e. the left groove 
moves up and the right groove moves down. Excur- 
sion of only one groove is not effective. ‘This design 
principle is easily adaptable to stacking and is fairly 
simple; yet it provides good accuracy in small space. 

The same type of action can be achieved by 
gliding contacts or brushes on conducting paths. 
Under proper operating circumstances and with 
adequate design, gliding contacts can be made quite 
reliable. Good electrical contact is often maintained 
by heavy brush pressure and generous dimensions, 
and by designing for lower current levels. An 
adaptation of the two- speed method to gliding- 

contact systems is shown in Figure 6. The discs 





are of conducting material. Center disc A rotates 
fast while discs B and C operate at some lower 
speed. Brushes D, E, and F make permanent con 
tact with the discs, while brushes H, G, and I lead 
to the traces or “conducting cams”. The wiring 
is connected in series-parallel, which incidentally 
corresponds somewhat to the arrangement of the 
lever in Figure 5. The fast disc controls both 
beginning and end of the switching function. Discs 
B and C are arranged to rotate in unison, but the 
cam on C is slightly displaced from that of B so 
that it makes contact sooner but breaks contact 
later. Also, the gear relationship between A and B 
is such that the A-G contact is made when the B 
cam is either making or breaking contact with H. 

Now, at the start of a cycle, cam C makes slowly, 
but without effect since cams A and B are slightly 
counterclockwise of their make point. Shortly 
thereafter, cam A makes at high speed to set up the 
start pulse. Then, cam B makes, establishing the 
hold circuit. At the end of the cycle, cam B drops 
out first while the output circuit remains made 
through cam A. Then contact A-G is broken at 
high speed. Cam C drops out before cam A has 
had time to reach G again. 

This program controller or timer is compact, 
simple, and accurate. It can be stacked to accom- 
modate a number of output channels. Change of 
the program is by exchange of discs. In certain 
cases it is advantageous to reverse the design so 
that the program discs are stationary. The timer 
is rather insensitive to vibration, particularly if filled 
with oil. For high current loads, relays may be 
employed. Although not purely digital (the setting 
can be altered in infinitely small steps), this device 
does have one of the main features of digital tech- 
niques: the value of a number, function, or occur 
rence depends on its position in a digital fashion. 

The programmer of Figure 6 can be developed into 
a multiple timer having only one or two gliding- 
contact devices, by dissecting the conduction cams 
into arrays of single contacts, thus obtaining two 
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FIG. 7. Selector switches operated at different 
speeds are used in this controller 


multiple-pole rotary switches which rotate again 
with two speeds. ‘Two single-deck multiple-pole 
switches with n contacts each can switch up to 
2n—2 relays or even more. The relays are hooked 
up between the poles of the switches. Figure 
shows the principle. A and B represent the con 
tacts of the two multiple-pole rotary switches and 
C indicates the gliding contact fingers or rollers 
R, though Rs; are relay coils wired in places corre 
sponding to the time at which they are to be 
actuated. If a circuit such as the one between 
R,, Rs and Rg occurs, a diode may be used to block 
reverse current which may trip relays (here Ry, R: 
and R;) at unwanted times—in wrong finger posi 
tions. This method increases the number of pos 
sible positions to more than 2n —2. 

This timer is very small since it needs only two 
rotary switches if the release of the relays is not a 
factor, and four switches if it is. Because the 
switches are commercial types, the timer can be 
assembled from off-the-shelf components. It has 
high resolution and adapts to many programs 

Another scheme that uses a “two-speed method 
and affords precise timing, is shown schematically 
in Figure 8. Two discs or drums that are easil; 
stacked on shafts are driven by two gears, each with 
slightly different number of teeth, say 99 and 100 
A switch is. mechanically actuated whenever the 
protrusion on disc A and the pushrod through dis 
B are aligned. Note, however, that this alignment 
occurs only once in each 100 revolutions of the 
99-tooth gear. Both protrusion and pushrod can 
be positioned as required. ‘The timing is very accu 
rate and affords high resolution in small 
Setting is not too easy, however. Release of the 
switch or relays actuated by the switch may be 
accomplished by a second gear system 

This brief review of timers and program controllers 
serves to illustrate the many combinations that can 
be put together to solve any given application prob 
lem. In every case, however, there is really but one 
optimum solution, which can be realized only by 
careful evaluation of known techniques. ‘The second 
part of this article will describe the “total block 
diagram”, a useful aid that establishes a guide to 
systematic evaluation and design of controllers 
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As weapons systems grow more com- 
plex, the problem of | satisfactorily 
checking them out with unskilled per- 
sonnel in a tactically feasible time be- 
comes tougher and tougher. The military 
is resorting to integrated automatic 
go/no-go test sets because they re- 
move most of the dependence on the 
operator. This article describes the gen- 
eral functions and equipment of auto- 
matic test sets used to check out missile 
systems in the field. 
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An integrated weapons plan encompasses the di 
verse activities that culminate in delivery of a pro- 
jectile to the target. Closely interwoven within this 
network are the limitations and capabilities of the 
factory production unit, personnel availability and 
training, test environment considerations, and the 
pressures of an intensive aircraft development pro- 
gram. ‘These modify and shape the design of the 
test set so that it is not only capable of the job 
assigned to it but is also compatible with mainten- 
ance procedures, factory test techniques and toler- 
ances, and the logistic supply system of the military 
services. 

In its ultimate form the automatic test set may 
run through a test program with the operator doing 
nothing but connecting cables znd _ starting the 
sequence by throwing a switch. Although feasible, 
this may prescribe a degree of system complexity 
that a field operational unit cannot justify. The 
test program will, more likely, combine a certain 
degree of electronic and mechanical complexity with 
a modicum of operator tasks. 





What the automatic test set does 


Its basic job is to demonstrate overall perform- 
ance by an “end to end” test. This is analogous to 
feeding a manually simulated signal into the front 
end and measuring the outputs. But it is much 
more comprehensive, for it tests a large number of 
signal levels and it explores system dynamic re- 
sponses. Measurements of supply voltages and bias, 
crystal, and servo excitation voltages or currents that 
are important to system performance supplement 
the overall test. 

In this article a missile subsystem is a major unit 
of a missile, such as the complete radar unit. A 
missile subassembly is a distinct part of a subsystem. 
In a radar unit this might be the directional coupler, 
the transmitter, or the receiver. 

\ simulated signal is programmed into missile 
subsystem inputs and reference signals are estab- 
lished for comparators. The output of each sub- 
system output is evaluated for the different input 
conditions. The test set indicates acceptable per- 
formance of each subsystem by extinguishing no-go 
indicator lights provided for the purpose and by 
recording the programmer test results. It records 
other data pertinent to the test conditions at the 
same time. When the test set finds a malfunction, 
it stops automatically to prevent damage to system 
components by continued application of test volt- 
ages. A malfunction stop then resets the program- 
mer to the first position of a sequence; in this way 
the fault is isolated. 

The fault isolation program pinpoints malfunc 
tions at the missile subassembly level. The number 
of subassembly test points depends on the com- 
plexity of the weapon system, but there must be 
enough points for evaluating the performance of 
each subassembly. The test set programs through 
the fault isolation sequence, stopping at the defec- 
tive subassembly. A digital indicator shows the test 


number of the malfunctioning subassembly so that 
the operator may locate and remove it. 

Figure 1 shows the general arrangement of auto- 
matic go/no-go test sets. Test components are 
divided into functional subassemblies which most 
readily accomplish diverse test requirements. The 
control panel, shown in Block 1, starts, stops, and 
resets the test. Block 2 contains the automatic 
programmer, which sequences the input signals and 
the quality decision elements in synchronism. The 
programmer also provides contro] signals for the 
weapon system and the test equipment itself. All 
auxiliary equipment requiring sequencing for the 
automatic test is connected to the programmer. The 
intelligence simulator (Block 3) supplies the stimuli 
to the system under test. Block 3 might, for in 
stance, set up an RF voltage which simulates the 
input to a radar and which varies over the predicted 
input range. Transducers or preparatory circuits in 
Block 4 convert subsystem responses 
suitable for comparison with reference 
Responses may be ac or de voltages, pulses, or any 
other type of signal. Blocks 5, 6, and 7 represent 
the quality decision elements. The reference source 
(Block 5) develops reference voltages against which 
the comparator (Block 6) checks the transducer 
outputs. The evaluator (Block 7) imposes tolerances 
upon the outputs of the comparator and makes the 
go/no-go decisions, which it then supplies to the 
display panel (Block 8). Power supplies for both 
the subsystem under test and the elements of the 
test equipment are shown by Block 9. Block 10 
shows self-check provisions, which verify the com- 
parator action by nulling the reference input to the 
comparator. Precision deviations on the self-check 
reference automatically check the tolerances. 

Common units handle a large number of the 
test requirements. The comparator, evaluator, pro 
grammer, and reference usable for 
all tests; stimuli units are¢ 
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FIG. 1. Ten functional units 
make up automatic go/no-go 


missile checkout systems. Control 
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more restricted in their applications. ‘Test program 
designers can do much to make these elements 
adaptable to testing more than one type of aircraft 
or missile. Transducers are often very simple, a 
resistance potentiometer satisfying the requirements 
of many applications. Other transducer units with 
extensive applications include pulse height discrim- 
inators, frequency discriminators, rectifiers, and dif 
ferential amplifiers. 


Test methods and devices 


or two-tube device mav sat- 
isfy the basic requirement for an extremely simple 


Comparator. A one 
comparator. However, transducer outputs can range 
from several volts, in which case the two-tube device 
suffices, down to millivolts, when considerable am- 
plification becomes necessary. For reliable operation 
and realistic accuracy, amplifiers must be highly 
stabilized; this increases the complexity of com- 
parators. ‘The stability requirement eases consider 
ably, however, if both the measured signal and the 
reference voltage are amplified in a common chan- 
nel. With an arrangement of this kind, changes 
in amplifier gain will not change the relations 
between reference and signal voltages. Though the 
magnitude of the deviation indicated between the 
two becomes a function of the amplifier gain, this 
is of no consequence when a go/no-go indication 
is required. Figure 2 shows a widely used go/no-go 
comparator circuit with common channel amplifi- 
cation. It includes the evaluation function shown 
in Figure 1. High and low limits set into the two 
reference-signal channels provide reference sources 
for comparison. The measured quantity is applied 
to each section of the chopper so that each channel 
derives a square wave with the phase relationships 
shown in Figure 2. Because the circuit operates 
on phase relationship alone after the chopper makes 
the comparison, there is no stringent requirement 
for amplifier gain stability. If the square waves are 
out of phase, which would be the case when the 
signal is outside the tolerance limits, the relay con 
trol tube fires, indicating no-go. This type of com 
parator-evaluator indicates go/no-go, but not the 
nature of the out-of-tolerance deviation. A modifi 
cation of the basic circuit does. 
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Programmers. Several methods are available for 
programming automatic test equipment. A cam 
actuator driven by a synchronous motor, used when 
the total number of tests is small, is not sufficiently 
versatile or adaptable to design changes. More 
sophisticated, as well as more suitable for complex 
switching functions, is a generator consisting of a 
synchronous motor driving a cam-switch arrange- 
ment or an electronic multivibrator. Its pulsed 
output drives a multiple-bank stepping switch or 
series of stepping switches. The stepping switches 
in turn control function relays or, if the switching 
current is low, switch the test set conditions directly. 
Both of lend 1] 


these themselves well 
to the control of signal sources, comparator-evaluatot 
stepping 


programmers 

ircuitrv, and the sources. ‘The ng 
switch approach has an added advantage: it can be 
arranged in series-parallel combinations to 
the capacity of the programmer. 

\ punched-tape operating in conjunction with 
stepping relays is used for more complex program 
ming. ‘The excellent adaptability is very important 
when system design changes are expected. Paper 
tapes used in this application have a minimum life 
of several thousand cycles. They may readily be pre 
pared irom circuit diagrams with manual punches. 
In an interesting extension of this approach, the 
program tapes are prepared automatically from IBM 
cards when the cards form a part of the design 
records for the weapon system. The tape sequences 
the stepping relays and provides instructions fot 
other units. To avoid great tape lengths for warmup 
periods, the tape can instruct relays to turn off 
the tape motor and start a timing motor. When 
the timing motor has run through the warmup 
period, it restarts the tape mechanism which then 
continues the program. 

Magnetic tapes may be used, but their informa 
tion storage capacity is not required for the relativels 
simple test processes; thus their added cost and 
complexity are not justified. 

The programmer can do more than establish test- 
time sequences. It may serve as the equipment 
instruction center, setting up the operating char- 
acteristics of all of the test-set building blocks fo1 
each test, making it practicable for one test set, 
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FIG. 3. Only the operational elements } 
to start the test and indicate performance 
ire assembled on the control and display 


ithout modifications, to test 1 large 


variety of 
equipments 


however, to 
design into the test set subassemblies (comparators, 
signal sources, etc.) sufficient versatility to handle 
the requirements of anticipated missiles. All that 
would have to be done to adapt the test set to a 
different subsystem is to insert a new program tape. 

Stepping switches translate the program logic into 
working functions. To assure performance in tough 
environments, particular care must be taken in 
selecting these switches. Typical stepping switches 
have plated contacts immersed in an hermetically 
sealed oil bath. ‘Taper pin terminals simplify the 
wiring process and reduce terminal-board size with- 
out running the risk of short circuits at soldered 
joints. 
are hermetically sealed, plug-in relays with hold- 
down clamps which conform to JAN or MII speci 
fications. The circuitry used in all programmers 
includes fail-safe features, and when stepping 
switches are used in multiples, a synchronizing check 
of priate is made through a particular contact 
of all switches. Should the switches be out of posi- 
tion, a no-go indication will show, and the test 
will stop. 

Control and display unit. To avoid confusing the 
operator, all controls and indicators not required 
for the test program are hidden from view. The 
control and display panel thus contains the mini- 
mum number of elements of the simplest form to 
accomplish the test objective. 
tvpical panel. Only a study of the requirements 
will determine the exact quantity and tvpe of hand 
controls; a minimum assemblage, 
include 
e MASTER CONTROL—This toggle switch con- 
trols the primary power to the test set and to the 
system under test. It will also start anv auxiliary 
equipment required for the test program, such as dc 
powe! units o1 compressors. 
¢START SWITCH-Starts the test program after 
warmup and stabilization. From this time until 
completion, or until detection of missile subsystem 
malfunctions, the operator does nothing but watch. 


‘his makes it necessary, 


The function relays used in the programmers 


Figure 3 shows a 


however, must 


Ihe START SWITCH may be a momentary con 
tact type. 
¢ MAIN-SUBSEQUENCE SWITCH-It is nor- 
mally in the Mz AIN position, when the test set will 
program through an end to-end test for each elec 
tronic subsystem. Only in the event of a malfunc 
tion would it be necessary to operate this switch. 
In the SUBSEQUENCE position tests are m 
individual subassemblies, starting at the 
assembly of the subsystem which failed. 
eOPERATE-CHECK SWITCH-—As part of the 
test program, the test set automa llv checks its 
own circuitry at frequent interval ' r, by 
flipping this switch to CHECK, the operator can 
check the test set performance at any time, par- 
ularly when a malfunction indication is presented 
e¢EMERGENCY DISCONNEC or disconnect 
ing all primary 
or unsafe condition occurs. 


ide of 
first sub- 


failure 

It mav actu lvnamic 

braking or pressure relief devices 

¢ TEST DIAL—For rapid access to a particular test; 

the operator dials the appropriate test n imber 

indicated in a table of test positions 

¢ NEXT TEST SWITCH-If a test dial is included, 

this pushbutton permits the operator to re ich the 

next test position rapidly. Both the TEST DI AL 

and the NEXT TEST SWITCH are useful in test 

programs which include manual adjustments for 

optimization of the systems being rong 
Indicators are normally restricted to lamps and a 

digital indicator. However, fot eubasncuniiin idjust- 

ments. the indicators also include a lo-go-hi meter; 

that is, a meter with the lower and upper portions 

of its scale shaded to indicate out-of-tolerance meas 

urements. Normal indicators include 

ePOWER ON-—Both the test set and the 

tems are on standby. 

eREADY-—Test set has made inter 

has determined that all connections 

made; the warmup period is ove! 

sources are properly adjusted, a1 

sequence has been completed satisf 

¢TEST IN PROGRESS 

¢ TEST COMPLETE 

¢CHECK—On continuously during est ] 

gram, this light indicates that all sel cks have 

been completed satisfactorily. It wil out if an 

internal failure occurs or when th¢ “OPI RATE- 

CHECK SWITCH is in the CHECK } sit 

will come on again when the self-ch« 

is finished. 

¢«GO INDICATORS-—There 

each subsystem plus one for tl 

sequence. If the missile has eight 

are nine go indicators. All no-g 

at the start of the test and a1 

quentially as the subsystems pass th 

e MALFUNCTION 

° PEST NUMBER 


) 
isolation sequence By 


power sources I 


Effective onh ining 
checking the indi 
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number against a table of test positions, the operator 
determines which subassembly is defective. A coded 
system would eliminate this table of test positions. 
The first number of the code would designate the 
subsystem and the last two numbers the subassem- 
bly. For instance, would indicate that sub- 
assembly 25 of subsystem 3 is defective. 


595- 
325 


Data processing and display 


Missile test and control systems use both analog 
and digital techniques. Digital systems provide the 
greatest accuracy and have demonstrated their 
superiority in factory production tests of missile 
systems. They have one drawback, however: they 
cannot operate on “real time”. But this does not 
appreciably restrict their use in the field because 
operational test-set processes are relatively slow 


Checkout system design integrated 
with missile design 

Checkout system designed ofter 
missile design completed 


Equipment 
— complexity not 
excessive 
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FIG. 4. Failure of over-complex test 
equipment diminishes overall system reliability. 


(milliseconds rather than microseconds). ‘The digital 
devices have a decided advantage whenever the 
measurements must be extremely precise. ‘The major 
advantage is that they replace more complex sub- 
sidiary analog computing devices, in many cases with 
their mechanical counterparts. For example, an elec- 
tromechanical keyboard, a simplified version of the 
common office adding machine, not only prints 
out test data in digital form, but also multiplies, 
divides, adds, and subtracts. Performing these arith- 
metic operations on functions that exist at different 
times is possible because the printer contains a stor- 
age commutator. On the other hand, analog equip- 
ment is superior in tests involving continuous, rather 
than sampled, evaluations, such as dynamic com- 
parisons between input and output signals. This 
test is a real-time process. 

The operator’s display is described in the section 
headed “control and display unit”. Since his skill 
is limited, it would be pointless to present more 
information to him. However, the test derives con- 
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siderably more information than is presented by the 
display unit, and it is desirable to preserve this 
additional information for further analysis. ‘This is 
particularly true of automatic factory test equip- 
ment, which require a record of test results to 
maintain realistic quality control and surveillance. 


General equipment considerations 


Static vs. dynamic testing. Static tests suffice for 
subassemblies and elements that contain limiters or 
circuits with simple gain characteristics. But where 
rate action, integration, and marginal phase-gain 
characteristics crop up, dynamic tests are called for. 
They are made extensively on missile systems with 
fins, valves, and other control elements that must be 
evaluated on a time basis. Dynamic tests may be 
more reliable and convenient than static tests on 
certain time-dependent components. For instance, 
a step function may determine the bandwidth of a 
video amplifier more simply than a frequency sweep. 

Test equipment tolerances. Equipment errors of 
less than 10 percent of the tolerance imposed on a 
particular test response is a common goal. For ex 
ample, a tolerance of 5 percent requires a test 
equipment accuracy of ¥2 percent, which is within 
the realm of precision instrumentation. The main 
burden of accuracy rests on the comparator, the 
evaluator, the transducers, and the reference signal 
sources. Reference signal sources present no problem 
because of the ease of applying standard cells or 
Zener diodes. Neither do analog comparators, many 
of which have accuracies better than that required, 
nor simple digital comparators, which provide better 
than 0.1 percent accuracy. Satisfying transducet 
requirements is hardest, but the fact that a poten- 
tiometer serves as a transducer helps considerably. 

Reliability. Although the test equipment need 
not have as high a degree of reliability as weapons 
subsystems, it should be high enough to make it 
impossible for the equipment to designate a bad 
missile as good. This requires “fail-safe” equipment 
design practice. The converse error, of indicating 
that a good missile is bad, while quite undesirable, 
is more tolerable. Well-designed test equipment will 
establish a tolerance boundary that will make rare 
the cases of improper indication of missile readiness. 

The designer must give assurance that the gains 
derived by reducing the operator skill requirements 
through automatic operation are not lost by requir- 
ing a corps of highly trained technicians to maintain 
the test set itself. The problem is closely related 
to equipment complexity, because the simpler the 
design the more reliable the test set will be and 
the more readily a lower-echelon technician may 
locate defects. Figure 4 demonstrates how, as the 
checkout system becomes more automatic, equip- 
ment complexity can reduce overall system reli- 
ability. The two sets of curves point out the benefit 
of careful integration of the checkout system design 
with the design of the missile. . 





Data Reduction Needs 
Differential Amplifiers 


Dc amplifiers with differential input have real advantages in 
most data amplifier applications. In others they are the only 
answer. Some of the ways they can be used, along with their 
more important characteristics, are discussed here. 
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FIG. 1. Strain gage bridges with de excitation: 
A—-single-ended amplifiers, requiring individual batteries for each bridge; 
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B—differential amplifiers permit a common bat 
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systems will be added to the amplifier inpu 
The error can easily be a fraction of a 
Differential amplifiers, in which neither the high- nor microvolts of error are tolerable. Using 
the low-potential side of the input need be grounded, implifier with two leads to the therm: 
may be used in data reduction for convenience, for the error and the problem. 
iccuracy, or out of necessity. Consider these in order: \ differential amplifier, however, 
Convenience can be seen in the ease with which the absolute necessity. Figure 3 shows a 
implifiers are able to simplify the power supply for may be several hundred volts above 
Ic-excited strain gage bridges. De has several advan- It is desired to amplify the potentia 
tages over ac as the excitation power for strain gages, an ammeter shunt in the bus. Obvi 
in important one being that there is no need for a the amplifier may not be grounded « 
eactive balance. If single-ended amplifiers are used potential would be added to the mil 
o boost the strain gage signals, separate de powet shunt. Only a differential amplifier 
supplies must be used to excite each bridge of a mul- Amplif — ‘ 
tiple-bridge installation, as shown in Figure 1A. This mplitier rejection ratio 
equires batteries, because one side of an ac rectifier Conventional amplifiers can be m 
power supply must usually be grounded. But with dif ferential action, which is satisfact 
ferential input amplifiers, all bridges may be connected poses“*. The rejection ratio (ratio of 
to a common grounded power source, as illustrated in differential signal to the amplifi 
Figure 1B. signal applied between the two 
[he accuracy of primary measuring instruments may ground) of such an amplifier ma\ 
be preserved. For example, in many industrial instal- to one. This ratio, however, 1 
itions where thermocouples are connected to con- data-reduction purposes. Figure 
trol or recording equipment, they must also be con treme example, where 
nected to data-logging equipment. The control and 1 rejection ratio of 1,{ 
ging equipment will generally be at different loca- differential erro1 
tions, and if a single-ended amplifier is used, any differ total signal act 
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FIG. 2. Connecting a 
controller and amplifier to 
the same thermocouple 
results in multiple grounds 
with a single-ended amplifier 


reducing the output response speed. A typical com- 
mercial unit has a stability of 20 microvolts per day 
drift rate; a zero shift of 100 microvolts for the tempera- 
ture range from minus 67 to plus 165 deg F, a rise time 
of 0.01 sec to 99.5 percent response for a step input, 
a gain stability of 3 percent, and a peak-to-peak output 
ripple of 3 percent. This amplifier is in wide use for 
thermocouple and strain-gage amplification. 

Nonlinear demodulators have long been proposed for 
de amplification. Some recent circuits have been de- 
signed for transistors as modulators. They will prob- 
ably never be satisfactory where zero drift rates in the 
order of microvolts per week are all that can be tolerated. 

Of all the systems that have been proposed, the 
chopper-type amplifier still appears to have the greatest 
possibilities for data handling. The characteristics avail- 














FIG. 3. Amplifying potential 
difference across an ammeter 


shunt in an high-voltage bus \ 
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ratio in excess of 100,000 is required for this problem. 

Similarly, for thermocouple amplification an accuracy 
of 1/10 deg F requires an accuracy of about 2.5 micro- 
volts. To cope with ground potentials of 0.1 volt, the 
rejection ratio required would be 40,000 to 1. 

The problem is stil] present with strain gages, though 
less severe, as Figure 1B illustrates. Lack of good com- 
mon signal rejection in this case causes a change in 
supply voltage to appear as a bridge unbalance. With 
usual constants, a rejection ratio of 1,000 to 1 will give 
an error of 300 psi in steel for a l-percent change in 
excitation voltage. Note, however, that a rejection ratio 
of 1,000 to 1 is fairly high for conventional amplifiers, 
and can be obtained stably only with special circuits. 

To be widely useful, then, a data amplifier should 
have differential input with a very high rejection ratio— 
preferably in excess of 100,000 to 1. To get such high 
rejection ratios in a de amplifier with stable gain re- 
quires that the input circuit be isolated electrically from 
ground. Practically, this means carrier amplification, 
and thus modulation of the input signal. 


Signal modulation techniques 


Carrier-type dc amplifiers differ in the method of 
modulation used*. Among these are: 
¢ magneto-mechanical modulator—essentially a galvan- 
ometer movement, mechanically displacing the balance 
point of an inductance (or capacitance) bridge 
¢ magnetic saturation modulator—a modification of the 
magnetic amplifier for the input to an amplifier, which 
may be of the vacuum-tube type 
enonlinear modulator—may employ rectifiers or am- 
plifiers as the modulating element. 
¢ switching modulator, or chopper 

The first type, the magneto-mechanical modulator, 
is rather severely limited in response speed (to about 
10 cps), is susceptible to mechanical vibrations, has 
relatively low input impedance, and is not generally as 
satisfactory for most purposes as some of the others. 
It was one of the early data amplifiers, however, and is 
relatively stable under favorable ambient conditions. 

The magnetic saturation modulator has moderately 
good stability and fairly rapid response, but usually has 
a substantial carrier component in its output. It is 
difficult to filter the output adequately without seriously 
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ible can be illustrated by two typical amplifiers. 

I'he first was designed to operate a d’Arsonval direct 
recording stylus, and thus can deliver considerable 
power (10 watts) into a low resistance load (7 ohms). 
(he amplifier employs a chopper, producing a_ rec 
tangular wave through a center-tapped input trans 
former. After amplification, synchronous contacts re- 
rectify the output through a second center-tapped 
transformer, giving full-wave rectification. With care in 
balancing the chopper and the impedance relationships 
in the circuit, gain stability, linearity, and ripple can 
all be held to about 1 percent. No progressive zero 
drift can occur in a chopper amplifier of this type, since 
the ac signal through the amplifier will only change 
with a change in the input signal level. Zero offset, due 
both to thermal emf’s and to chopper actuating voltage 
pickup, can easily be held below 5 microvolts and is 
quite stable. However, a straight chopper amplifier can 
have a transient of the order of 10 percent amplitude 
for several chopper cycles following a step input. 

Ihe second chopper amplifier has relatively low out 
put current capabilities (load resistance should be over 
100,000 ohms), but has considerably better perform- 
ance. It is essentially an amplified potential transformer 

the voltage ratio is determined almost exclusively by 
the turns ratios of the input and output transformers, 
with the amplifier providing only the necessary power 
gain. Gain stability is 0.01 percent, both on a long 
term basis and over the full ambient range from minus 
67 to plus 165 deg F. Linearity is 0.05 percent of full- 
scale output, and the unloaded output ripple is 0.1 
percent. The rise time to a step input is 99.7 percent 
complete in one chopper cycle (1/400th sec). As with 
other true chopper amplifiers, there is no zero drift. The 
rejection ratio is infinite for dc inputs, and still over a 
million at 60 cps. The output can drive a conventional 
single-ended de power amplifier. 
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CONTROL ENGINEERING GOES TO A MEETING 


A Special Interpretive Report 


Expanding Reliability to 
System Effectiveness 


A significant trend in engineers’ thinking noted at the recent reli- 
ability symposium in Washington prompted two Control Engineer- 
ing editors to report on a new broad concept—system effectiveness. 
By analyzing the papers presented, the editors pieced together the 
significant facters in this new approach. Here, then, is a guide to: 


elements of system effectiveness 
techniques for measuring reliability 
methods for predicting reliability 
improvements in system maintainability 
economics of system effectiveness 


E. J. KOMPASS and L. H. YOUNG 
Control Engineering 


\ definition of reliability is almost as elusive as 
reliability itself. Meanings have ranged from the 
specific “mean time between failures” to a qualita 
A new 
meaning seems to fit better the requirements of 
Reliability is broadening into 
a concept of system effectiveness. 


tive “how well the equipment performed”. 
control engineers. 


One of the advocates of system effectiveness as 
a method of evaluating equipment is the Military 
Electronic Systems Committee of Electronic Indus- 
tries Association (EIA). Committeeman H. A. 
Voorhees, Western Electric Co., reasons for the 
broadened view.’ He says, “Although mean time 
between failures has been accepted as a key criterion 
of reliability, it doesn’t tell how valuable the equip- 
ment has been to the user. Satisfaction from the 
use of the equipment depends on a lot of factors, 
such as cost, performance capability, down-time, 
repair time, effects of redundancy, and effects of 
operating conditions and environments. These fac- 
tors have different degrees of importance, depending 
on the type of system involved.” 


\fter a vear’s deliberations, the committee has 
pinpointed 10 elements to make up system effec 
tiveness. Overall consideration of them provides 
a fuller measurement of performance, offers a re 
(‘he factors: 


reliability 


alistic means for comparing systems 
1. mean time between failures 
2. average time to locate and repair a failure 


percentage of time system 1s ready 


3. 
4+. percentage of successful mission 


5. percentage of up-time 

6. relative performance under 
tions 

7. quantity and variety of spare 
per unit time 


8. system operability 

9. personnel requirements 

10. test and repair facility requirement 
The relative importance of each of these depends 
on the particular application. In a missile-control 
system, for example, percentage of successful mis 
sions might be the most important element. In 
process-control equipment for a refinery, on the 
other hand, percentage up-time could be the lead- 
ing factor. And in a giant computer, mean time 
between failures might be the best measure 
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A CLOSE LOOK AT THE ELEMENTS 


Mean time between failures is widely accepted as 
a Statistical measure of reliability. C. M. Ryerson, 
RCA, explains why:? “It is possible to engineer 
adequately new equipment so that the contribution 
to equipment operational failures from other than 
random catastrophic failures is less than 5 percent. 
Therefore, it has become common to measure 
equipment reliability in terms of mean time be- 
tween failures where occasional wear-out failures 
(missed by preventive maintenance] appear as indis- 
tinguishable contributions to the total.” 

Ryerson then points out how this becomes a tool 
to spot improper use of the equipment. “If use 
conditions become more extreme than was planned 
for in the design, wear-out failures can become an 
appreciable part of the total failures and the total 
failure level rises. Then any measurement of equip- 
ment reliability based on the capacity of the basic 
parts themselves when they are properly employed 
is a powerful tool to reveal the fact that they are 
being improperly stressed.” 

Average time to locate and repair a failure offers 
a measurement of the severity of the failure. How 
long it takes a maintenance man to discover that 
trouble exists, and then to trace the difficulty, varies 
for every different system. Actual data can be 
developed only as the system is operated, though 
a designer can sometimes predict trouble-shooting 
time accurately from past experience with similar 
designs. In general, the more complex the system, 
the longer the average time to locate failures. 

The mean time between failures and the time 
required to locate and repair failures leads to two 
other elements of interest: percentage of time a 
system is ready and percentage of its “uptime”. 
The first is more likely to be applied to equipment 
used intermittently; the second to gear operated 
continuously. 

To illustrate this, Voorhees describes two systems, 

and B, equivalent in all respects (initial cost, 


TABLE | 
RELATIVE FIREPOWER COMPUTATIONS 


Combination Firepower Formula Availability 





4-2-] 4 Ar ‘Ac*Az 0.774 
3-2-1 3 4Arn3(1—ArlAc2Ar 0.163 
2-2-1 2 6An2(1 —Ar)*Ac2Ar 0.013 


M-O-1 

(5 cases: M-4,3,2,1,0) 

M-N-O 

(15 cases: M-4,3,2,1,0 
and N-2,1,0) 
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mean time between failures, etc.) except repair 
time. He says, “If each has a mean time between 
failures of 50 hours, but average repair time for A 
is one hour and average repair time for B is 10 
hours, then the user receives effective performance 
from system A 98 percent of the time and from 
system B only 83 percent of the time.” 

Another committee member, M. M. Tall, RCA, 
introduces a mathematical concept of availability® 
defined by the formula: 


where A = availability 
T = mean time between failures (actual or estimated 
D = mean down-time (actual or estimated 

Availability considerations introduce the subject 
of redundancy. One way to boost a system’s avail- 
ability is to incorporate additional subassemblies 
into the des sign. If redundant subassemblies are 
added, it’s possible to get a series of levels of opera- 
tion depending upon the severity of the failure. 
Table I illustrates the possible combinations of 
failure and availability for a simple missile-fire- 
control system composed of a radar (R), a com- 
puter (C) and a launcher (L). In operation the 
radar is employed 100 percent of the time, the 
computer 50 percent of the time, and the launcher 
25 percent. Therefore the selected system has four 
radars, two computers and one launcher. 

Tall says about Table I, “The formula (1) repre 
sents in terms of unit availabilities, the fraction of 
time that each combination will exist. It is helpful 
to think of the availabilities as probabilities. From 
the table, the system will be fully operable 77.4 
percent of the time and completely inoperable 
1 percent of the time. That’s because of the re- 
dundancy in the system. We call this functional 
redundancy—equipment duplication which  con- 
tributes to the system-capacity as well as reliability— 
as opposed to space redundancy—duplic ation in 
tended to increase reliability only.’ 

In missile and aircraft works, the factor per: 
centage of successful missions is frequently used as 
the most significant measure of reliability. ‘Trevor 
Clark, Westinghouse Air-Arm, builds a case for 
this concept.4 “In some applications mean time 
between failures has little value. We're interested 
in number of missions completed. It’s possible 
fora MTBF to be infinitely long and still a we apons 
system might never successfully complete a mission. 

Still another factor in evaluating a system is its 
relative performance under saturation conditions. 
Large computers, for example, which may use only 
a portion of their circuitry in solving some problems, 
are more likely to perform the computation for 
these problems reliably than the computation for 
a very complex problem that requires all of its 
computing equipment. 





The quantity and variety of spare parts required 
may have little connection to reliability as once 
defined, but it has a real meaning in system effec 
tiveness. Another way to look at this same factor 
is to consider the quantity and variety of spare parts 
required per unit time. Reducing the number and 
kinds of spare parts a user has to keep on hand 
makes the system more valuable to the user and 
eases the maintenance problem. The big problems 
with inadequate parts supplies are cannibalization 
and improvisation. 

System operability also influences system effec- 
tiveness, but it’s practically impossible to put into 
numerical terms. 

Most “reliability” specialists agree that the oper 
ator has a definite influence on the life of equip 


ment. Equipment in the hands of a good operator 
lasts longer. Closely related to this is the number 
of personnel required to operate a system. In indus- 
trial applications as well as military, the trend is 
toward fewer operators. But this has to be balanced 
against cost (though frequently in military applica- 
tions money is no object): several operators may 
be cheaper than highly complicated, more expensive 
equipment. 

The final element in system effectiveness is test 
and repair-facility requirements. Both military and 


industrial users strive to keep these to a minimum, 
the military because field conditions do not lend 
themselves to elaborate test and repair facilities, 
and industry because the initial cost and expense 
of this facility rises rapidly with its complexity. 


MEASURING RELIABILITY 


\lthough the concept of system effectiveness is 
gaining favor, reliability is still the most widely 
accepted yardstick of performance. And reliability 
usually means mean time between failures. 

If reliability is defined as the probability that a 
system will perform satisfactorily over a given period 
of time, “perform satisfactorily” and “given period 
of time” must be determined for each application 
For example, if no failures occur in a statistically 
significant number of like systems tested for two 
hours, the design might be considered 100 percent 
teliable—if it is to be part of a ballistic missile. But 
it could not be considered reliable for continuous 
industrial control. 

The “mean time between failures” concept thus 
becomes a measurable factor common to all pos 
sible applications of reliability theory. Each uset 
can relate MTBF to reliability in his own case by 
comparing it to a period considered practical for 
that application. (Even in the case of equipment 
which must operate continuously, some finite, prac 
tical period with no failures must be considered 
100 percent reliable. Nothing lasts forever.) 

A system is only as reliable as the weakest com 
ponent able to affect performance. Unlike the 
weakest link in a chain, however, a system compo- 
nent need not break down completely to cause a 
system failure. A small drift in the value of a single 
parameter of the component may be enough. 

A system “fails” when its output is not within 
specified limits under the input conditions present. 
Such specifications can be quite loose or very strin 
gent. A simple sewing machine (system) may not 
fail if it drops one stitch out of ten per inch. But 
a complex digital computing system does fail if it 
drops one pulse out of a million per second. 

The only sure way to measure MTBF is by life 
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testing a large number of items under actual oper- 
ating conditions. But this is expensive and takes 
a prohibitively long time; several substitute methods 
have been developed. ‘Typical of these: 1) pro- 
duction environmental testing, 2) accelerated life 
testing, and 3) continuous system design tests. 

Production environmental testing (PET) involves 
running for a short period all components and sub- 
assemblies through conditions of application simi- 
lar to those encountered by the completed gear. 
It is based on an assumption of high infant mor- 
tality, as pictured in Figure 1. During PET, weak 
components fail, so that only selected components 
are used in final systems. And the “long low 
stretch” of normal operating period makes measure- 
ment of reliability possible. 

Today, PET is a controversial subject. On one 
hand, the data prepared by England’s R. Brewer 
(see page 110) tends to substantiate the high infant 
mortality premise. But on the other, at least one 
American, Robert Lusser of Redstone Arsenal, 
argues for discontinuing PET.5 Lusser says it is 
based on an incorrect assumption. He adds, “In 
mechanical and electronic equipment nothing of 
that sort happens [referring to an analogy to human 
statistics}. ‘Birth’ consists of a mere switching-on, 
lacking any violence or trauma; nothing ‘grows’; 
no basic changes occur that cannot be determined 
during the prototype phase; and, in contrast to 
human beings, components can be and actually are 
inspected and checked out prior to birth.” 

Lusser also argues against the theory behind the 
“long low stretch” of normal operating period. 
Instead he sees the solid line of Figure 2 as the 
realistic model distribution. From this curve, he 
concludes that PET will not increase reliability 
but may even decrease it. He explains, “If sensitive 
devices are tested severely and/or for a long time 
they may easily yield to fatigue, or wear out and 
fail prematurely in service.” 

More and more reliability people are looking at 
accelerated life testing. One engineer calculated 
that a product would require 33 million unit-hours 


of test before its first failure, to carry a 99-percent 
guarantee of meeting an Air Force requirement of 
0.014 percent per 1,000 hours. 

Still in its infancy, accelerated life testing involves 
subjecting components or subassemblies to condi- 
tions more severe than those to be encountered for 
a period calculated to be equivalent to normal life 
at normal conditions of operation. 

Typical of an accelerated life testing program is 
the one at the Sprague Electric Co. and reported 
by Bernard Hecht.® In this progam, capacitor sam- 
ples drawn from production over a period of four 
years were subjected to voltages of 140 percent of 
rated voltage. The failure data was then incor- 
porated into Marcus Acheson’s formula for pre- 


dicting life: 
nt , nt pee 
NTm ~ \ nt +NTm 


r+ i 
where S, = probability of N units operating: failure-free in 
T hours 
= life-test time 
= life-test sample size 
= life-test acceptance number 
= number of units used in system 
= required operating time failure-fre¢ 
m = life-test acceleration factor 


t 
n 
4 


In using this formula, only one assumption is 
made: the fifth-power voltage rule determines the 
severity factor. In the fifth-power rule, it is assumed 
that the longevity varies as the fifth power of the 
inverse ratio of voltage L2/L, (V,/Ve2)* (where 
k is assumed to equal 5). All other numbers come 
from actual test results or are arbitrary parameters. 
Solving for life in this wav and plotting the solu- 
tion results in the curves of Figure 3. The top 
curve indicates the recommended operating voltage 
to obtain 0.99 equipment reliability for 500 hours 
at 125 deg C when using capacitors A. 

Such data is valuable to designers, but it has some 
serious limitations. First, it applies only to a par- 
ticular component—that made by one manufacturer 
in a single design—and must be gathered from actual 
failure data over a period of time. It can be upset 
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by a change in design, a new production technique, 
or failure of quality-control procedures. Secondly, 
even the manufacturer in this specific example is 
unable to put confidence limits on the prediction 
made with these figures. The only way to do so is 
to compare predicted values vs. actual life values 
over a long period of time. Finally, there is a 
question of the validity of the fifth-power voltage 
tule. Since Marcus Acheson presented a theoretical 
proof of this rule in 1956 at the Symposium on 
Quality Control & Reliability in Electronics, little 
experimental support has been accumulated. 

Currently under way at RCA is an Air Force 
program to develop an accelerated life test for paper 
capacitors. One part of the program is aimed at 
checking the validity of the fifth-power rule. 

RCA’s Joseph Kimmel plots the basic strategy 
of the program.” He says, “A uniformly (constant 
rate of change) increasing de voltage is applied to 
each of two subsamples out of a larger sample drawn 
from an identifiable universe. The rate of change 
of voltage, while uniform, is different for each of 
the subsamples. The test is continued until all 
specimens fail. Each subgroup is analyzed as an 
independent sample. Both subgroups are com 
pared for estimation of computational parameters. 
Subgroups are then lumped for estimation of popu 
lation parameters.” 

To analyze the data, this 
derived: 


formula has been 


ct , c 7 prs 
dt = 
V: (;.) k+1 


any fixed arbitrary voltage, including rated volt- 
age 
= equivalent real life at a constant operating volt- 
age V. 
t = test time to failure 
k = a numeric estimated by the test 
c = a constant evaluated for each product 


This equation makes it possible to convert each 
test data time t into an equivalent real life time L. 


However, it’s based on knowing k. Since the esti- 
mate of mean life is critically affected by k, it is 
urgent that this variable be evaluated. 

At the same time, Kimmel casts a shadow on 
accelerated life testing by commenting: “There is 
no assurance that the test truly duplicates normal 
failure pattern. Conceivably, it forces a novel 
failure pattern, convertible to the exponential but 
nevertheless unrelated to real life. Only correlation 
with real life can remove this doubt.” 

Still another effort to measure reliability is in 
what might be termed continuous system design 
tests. E. J. Nucci describes the program conducted 
by the U.S. Navy’s Bureau of Ships. According 
to Nucci, a completed system is run continuously 
under actual operating conditions for 15 (formerly 
21) days. Weak circuits, improper use of com- 
ponents, and inadequate components are detected 
and changed in future designs. 

Bu-Ship’s program, says Nucci, has several steps. 
First the 15-day test is applied to the design pro 
totype. Fallible circuit design and component selec- 
tion discovered during the test are corrected in a 
pilot-production model. Then _pilot-production 
models are subjected to another 15-day 
mental operation test. Again, weak circuits are 
noted; poor component performance 1S reported. 
(hese changes are incorporated into a production 
As a final check, production model sam 
ples, too, are subjected to a 15-day continuous test. 

As Nucci points out, by the time all these tests 
have been completed testers should have weeded 
out all weaknesses. And they should have a good 
idea of the reliability to be expected 

[his approach appears to have considerable merit 
where the requirement is for a high-reliability design 
in production equipment. But it does not help in 
measuring the reliability of one-of-a-kind equipment, 
like the SAGE computers for air defense. In such 
cases, reliability prediction appears the best tool 


environ 


design. 


RELIABILITY PREDICTION 


If it is to be predictable, system reliability must 
be related directly to the probability of component 
parameters drifting out of tolerance as well as to the 
probability of sudden component failures. 

To accurately predict the reliability of a system, 
the MTBF concept must include as a component 
failure the drift of any significant component 
parameter beyond certain eniie: These limits will 
vary widely, depending on the circuit or subsystem 

1 which the component is used, and, i n general, 
ern be stated as a property of the vc 
by its manufacturer in the same way as can the 
probable time to breakdown or “end of life”—the 
usually understood meaning of component cpr 
ity. The probability of any parameter of a com- 
ponent remaining within specified limits pha 


specified operating conditions throughout its prob 
able lifetime can be predicted, however, by the : same 
statistical measurement techniques by which prob- 
able lifetime is determined. ‘This data is very im- 
portant if systems are to be predictably reliable 
(he important causes of parameter drift in a 
component during its lifetime are: 
e Aging (for example, the binder in a composi- 
tion carbon resistor usually decomposes with age 
and drying temperatures to form more carbon, 
thereby reducing the original resistance 
¢ Environment (small amounts of moisture, sealed 
in or leaking into the can of an hermetically- 
sealed transistor, gradually cause its floating 
emitter potential and collector current to in- 
crease. ‘This was explained by R. M. Ryder of 
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Bell Telephone Laboratories as due to a decreas- 
ing surface conductivity shorting the bulk con- 
ductivity of the transistor).® 
Such drift characteristics are predictable only if 
operating conditions and environment can be con- 
sidered constant over the lifetime of the component. 
Specific ways to control parameter drift are: 
¢Derating (operating components well below 
manufacturer's ratings). 
*Controlling environment (hermetic sealing, for 
instance; although this may be only partial if 
the component is also temperature-sensitive) . 
Having determined the probable parameter-drift 
characteristics of his components over their life 
times, the designer must then use them only in 
circuits or subsystems that can tolerate these ex 
pected drifts without producing a system output 
outside of specified limits—i.e., a system failure. 
Techniques for predicting the probable variation 
in system output due to varying component values 
or tolerances are new and poorly understood. 


Product-rule method 


A review of current practices for determining 
system reliability, says the Military Electronic Sys- 
tems Committee of EIA, reveals the “product rule” 
method to be the most used, “including the much- 
too-popular method of predicting system failures 
on the basis of previously obtained parts failure 
information”. In the product rule method, the 
system reliability is simply the product of the parts’ 
reliabilities. The method assumes that a_ part 
failure is synonymous with a system failure, and 
also that all parts failures are independent of each 
other. Its value lies in its very simplicity. 

Unfortunately, it is usually applied without con- 
sideration for environment or the effect of the 
tolerance of the circuit on the reliability of the 
components. However, part failure rates measured 
in circuits of the kind for which reliability is to be 
predicted, can yield much better system reliability 
prediction from the simple product rule. 


Propagation of error 


A practical attack on how parts characteristics 
combine to give system characteristics is described 
by Morreale, Noel, and Potter of IBM Poughkeep- 
sie. They use the “propagation of error formula” 
oy? = (Oy/0x1)*(o2)? + 

(Oy /O2x)*(azg)? + °** + (Oy/OTn)*(ozn)? 
to predict the effect of component tolerances on 
system error. This formula says that the square 
of the deviation (statistical) in system output is 
the sum of the squares of the independent devia- 
tions in component values. It assumes that all 
deviations are small and that component deviations 
are independent, so that high-order and cross-prod- 
uct terms can both be neglected. 

The results of a static (dc) analysis of a single- 
shot flip-flop having 20 components was used to 


CONTROL ENGINEERING 























Number of tubes 




















200 
CVU 


Life, hours 
FIG. 4 Analysis of 874 “early failure” 


tubes (see Figure 1) showed 
this distribution of assembly faults 


illustrate the success of this approach. If the toler 
ances were treated as cumulative, the combined 
tolerance of the timing of the circuit for 1-percent 
components would be plus or minus 30 percent. 
The propagation-of-error formula, however, yields 
plus or minus 5 percent as the system tolerance 
for 1-percent components, and only plus or minus 
7.5 percent for plus or minus 5-percent components 
After these calculations were made, ten circuits 
were built from components selected randomls 
from lots of 5-percent components, and the timing 
of all ten circuits was measured to be within 5 
percent of specification. 


Three-dimensional space 


Another technique, described by Robert Glaser 
of General Electric,1° uses the experimental designs 
developed by George Box of Princeton to develop 
the boundaries of a three-dimensional “space”, 
measured by input variables (such as voltage, am 
bient temperatuse, and power dissipation) within 
which the probability is less than some given amount 
that a particular component parameter will exceed 





a specified variation. It thus becomes possible to 
predict, from component measurements alone, the 
reliability of the component under any circuit (or 
system) conditions which can be described before 
hand. <A hooker is that such “probability spaces” 
our term—Ed.) also vary with time as the com- 
ponent deteriorates, and there still may be other 
“input variables” to consider. These factors add 
fourth or fifth dimensions to the “probability 
space”. ‘The resulting families of spaces would have 
to be searched for the one in which the probability 
space contracts enough to meet one or more of the 
circuit operating values for the input variables. This 
would be the probable “end of life” of the com 
ponent for the application given. 

lhe “Box technique” really puts statistical mathe 
matics to work, and requires a large number of 
experimental measurements on each parameter fot 
which a “probability space” is to be developed. 
Once available, however, such spaces would permit 
system designers to evaluate components directly 
for each application rather than by measuring per- 
formance in a large-enough sample of systems. 


Predictable systems 


Such an approach would yield better end-of-life 
values for the “predictable systems performance” 
PSP) design approach developed at Lincoln Labo- 
ratories and described by W. J. Canty. This 
approach requires 
“Test measurements [on the system] to prove 
that, with one component at its end-of-life value 
as specified in the component specification, and 
all other components at their worst initial pul 
chase specification value, the system must work 
with a perceptible margin [at a marginal check 
input [hese must be repeated for each and 
every component at its end-of-life value and all 
others at their worst initial purchase specification. 
[his procedure makes a good approximation to 
random deterioration of components available to 
the circuit designers. The tests must be performed 
with input signals at their worst value within the 
specification and with the output load arranged 
to degrade the circuit operation as much as pos 
sible within the output load specifications.” 
[hese tests are supplemented during system 
operation by systematic “marginal test” procedures, 
which in turn are based on tests at the circuit 
design stage. This stage must 
“prove that the marginal checking procedures 
will show significant deterioration of each com 
ponent. Or, to put it another way, it must be 
evident that a change in a component which will 
affect the operation of this circuit will be detected 
by the marginal input. The variation re 
quired at any time on this marginal checking 
input] is the ‘margin’ on this [system]. Changes 
in the operating margins will be expected as the 


characteristics of components . change.” 


I'he PSP technique was used in the design of the 
various circuits and subsystems of the AN/FSQ-7 
(SAGE) air-defense electronic computer. Canty 
quotes failure rates and numbers for the various 
components of a 16,000-tube (about 23,000 cath- 
odes) section of the computer measured over 4,466 
hours of operation between October and May 1956. 
The average time to failure of a tube in any one 
location (assuming a linear failure rate is appli- 
cable) in this area of the computer turned out to 
be 250,000 hours, and the average TBF of a high- 
speed flip-flop circuit containing about 30 compo 
nents (including two tubes) was over 100,000 
hours. In spite of this, the MTBF for a 10,000 
tube portion of the computer in a one-month 15- 
hour-a-day test was only 7.2 hours. These reli- 
ability figures seem much better when it is realized 
that a very large commercial computer like the 
IBM 704 contains only 3,700 tubes. The complete 
SAGE computer is a duplex machine 
about 50,000 tubes. The figures quoted above ar« 
for less than half of the SAGE and the MTBF 
decreases as the active components increase.** 

Marginal testing can be considered a firs 
predictor of imminent component failure, for 
use with scheduled maintenance ha 
to greatly increase the MTBF. Similarly, a record 
of component margins made during routine margin 
testing can vield rates of change of margins, 
would be a second-order predictor that might f 


ther increase the MTBF. 
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The value and also the limitations of ability 
prediction were illustrated by the EIA 
by applying a refined version of the 
to a radar-computer system. ‘The ratio of pred 
to measured MTBF is shown in ‘Table II. 

\ cursory analysis revealed that the major di 
crepancy in the radar prediction was du irgel 
to inadequate data on mechanical 
prediction technique used and the 
gave an overly optimistic 
little feedback would help in futur 
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TABLE Il 
RATIO OF PREDICTED TO MEASURED MTBF 





Overall system 1.92 
Subsystems 
Computer 98 
Radar data presentation system 08 
Radar 10 
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assembly, grid mounting, and welding in general 
(Figure 4 shows the distribution of assembly faults), 
with a generous assist from glass treatment in the 


processing area. Such tests obviously yield some 
very specific clues about where to start to improve 
reliability. 


MAINTAINABILITY 


It is impossible to divorce maintenance from any 
discussion of reliability. Certainly the quality of 
maintenance has considerable influence on the 
effectiveness of equipment. There seems to be no 
easy answer to the maintainability problem—and 
only one on which all specialists concur: maintain- 
ability must be considered during each phase of 
development, design, testing, production, packag- 
ing, and installation. 

A. T. Pollock of Philco Corp. lists four considera- 
tions directly related to maintainability: 

1. Environmental considerations —-How known 
conditions will affect maintainability (arctic freezing 
versus tropical humidity, for example). 

2. Operational conditions—How system function, 
complexity and use will affect maintainability. 


Design-complexity considerations—How pecu- 
liarties of design will affect maintainability. 

4. Uncontrollable considerations—How abnormal 
use might affect maintainability. 

Environmental and operational requirements are 
usually spelled out in detail in advance of design. 
In studying such considerations, says Pollock, engi- 
neering effort is generally concerned with systems 
engineering, system configuration, and unit function. 

Improvement of maintainability is important to 
both industry and the military. One estimate puts 
the cost of maintaining equipment of standard de 
sign over its life at from 10 to 100 times the initial 
cost. This explains why most users are willing to 
pay more initially for a design that promises an 
appreciable maintenance saving (see page 73). 


THE ECONOMICS OF SYSTEM EFFECTIVENESS 


There is no question but that redundancy adds 
to the cost of a design, that superreliable compo- 
nents are more expensive than standard ones, that 
engineering for reliability adds to the final bill. 
The problem is determining how much the user 
can afford to pay for how much additional system 
effectiveness. 

It is quite difficult to obtain cost-figures on an 
improved design. At best, only bits and pieces can 
be assimilated. Occasionally, however, it is pos- 
sible to pin down just how much an added effort 
cost. George A. Raymond, Remington-Rand Uni- 
vac, reports on development of a computer for 
the Titan ICBM", a development in which reli- 
ability was a prime factor. The computer con- 
tained 10,000 transistors, 30,000 diodes, 40,000 re- 
sistors, and numerous other electronic components 
for a total of nearly 100,000 electronic parts. And 
the system was to have a MTBF of 60 hours. 


To improve the reliability of components, Rem 
Rand requested suppliers to subject semiconductor 
devices to a special screening before shipment. By 
applying tighter specifications to these components, 
the cost, of course, was increased. Raymond illus 
trated how much with these figures: 


Standard Cost with added 
price selection 


CS) eae ~ $4.00 $11.50 
Transistor B 4.00 10.65 
Germanium diode are 1.20 2.10 


Raymond says that the added selection improved 
“reliability” about ten times at a cost of less than 
three times. (In January he said that the computer 
had been running 40 hours per week since October 
without a single failure.) 

This illustrates one point: The stakes are high 
in reliability; from an economic standpoint, it is 
unsound to spend too much or too little to increase 
system effectiveness. 


Component 
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MASS SPECTROMETRY 
in Process Control 


THE GIST: The mass spectrometer’s outstanding advantages of speed, versatility, 
and ability to resolve multicomponent samples have resulted in many successful 
applications in plants and laboratories. Since 1942 the instrument has been 
used in laboratory analyses of batch samples of chemical and petroleum streams 
to help determine process-controller set-points. Lately, however, there has been 
a trend toward direct mass spectrometric control of continuous processes. 

The table in this article describes some of the features of mass spectrometers and 
lists some of the applications reported so far. Further use of mass spectrometry 
in process control may be expected as experience accumulates and as instruments 
and related computing equipment are improved and reduced in cost. 


ROBERT WALL, Monsanto Chemical Co. 


The information provided by an analytical mass 
spectrometer is known as a mass spectrum, a plot 
of ion abundance vs. mass number. The spectrum 
results from two basic functions within the spec- 
trometer: ionization—the fragmentation of mole- 
cules in a sample into ion masses; and mass analy- 
sis—the separation of the ion masses into individual 
M/O (mass per unit charge) groups and the meas- 
urement of the ion abundance in each group. 

In general, every molecular species in the sample 
ionizes to all its possible single-charged masses and 
to some multiple-charged masses. For constant 
conditions and for the relatively large number of 
ionizations per second, the mass numbers (M/Q) 
and the relative abundance of ions produced for 
each molecular species are precise and characteristic 
for that particular species. Figures 1A, 1B, and 1C 
show portions of mass spectra for samples of pure 
n-butane, isobutane, and propane. N-butane and 
isobutane molecules have the same mass numbers 
but different ion-abundancy distribution. 

[he mass spectrum of a compound sample, made 
up of a number of different molecular species, ex 
hibits all mass numbers found in the spectra of the 
individual components (species); the ion abundance 
at each mass number is the sum of the ion abun- 
dance contributed by each species. Figure 1D syn 
thesizes the mass spectrum that would be obtained 
for a sample containing equal amounts of the com 
ponents shown in Figures 1A, 1B, and 1C. 

The composite spectrum of Figure 1D is an 
extremely simplified version of spectra actually 
obtained with mass spectrometers. In industries 
dealing with hydrocarbon mixtures, for instance, the 


spectrum may include over 100 mass numbers, due 
to fragmentation of the 15 or 20 components in 
the sample. ‘The mass spectrometer yields infor 
mation about the ions in a compound sample, but 
not about the molecular components present or 
their relative concentrations. ‘The latter requires 
solution of a set of simultaneous linear algebraic 
equations. For simple samples, the solution can 
be manual; complex ones need a computer 


Ionization 


In ionization, sufficient energy to remove an ele 
tron (or electrons) or to break a molecular bond 
or bonds) must be transferred to a molecule. Mass 
spectrometers for analyzing petroleum and chemical 
streams utilize electron bombardment exclusively 
\ sample, in the vapor phase at low pressure, is 
bombarded by an electron beam of definite selected 
energy. A small fraction of the electrons collides 
with, and ionizes, molecules of the sample 

Figure 2, a diagram of the 180-deg spectrometer, 
shows the relationship of the ion source to the other 
major parts (the mass analyzer, the coll 
svstem, and the vacuum system) of th 
The ion source is the dominant part of the mass 
spectrometer. It is complex and involves 
interrelated functions, so that it aln ompletely 
determines the spectrometer’s accura ind opera 
tional characteristics. 

lon beam formation requires a sampling 


nm electron gun, and a set of accelerating electrodes 


tor-readout 
instrument 


many 


system, 


Ihe sampling system sends a representative sample 
flowing through the ionizing region and maintains 
the proper pressure in that region. Figure 2 also 
shows two sampling systems; one, for laboratory 
analyzes, uses a reservoir admitting a measured pres 
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sure of sample; the other, for continuous analysis 
of process streams, uses a capillary bleed system. 
The electron gun accelerates electrons emitted 
thermionically from a tungsten filament through a 
system of aperture electrodes, to form a tight col 
limated beam through the ionizing chamber. The 
electrons are held in this beam by a focusing mag 
netic field in the source. The intensity of the ion 
beam will be directly proportional to the ionizing 
electron current, and its controlled constancy will 
determine the accuracy of a quantitative analysis. 
Once the electron beam has ionized the sample, 
an electric field repels the ions from the ionizing 
chamber into the ion-accelerating region of the 
source. , Shaped electrodes, having appropriate po 
tentials applied to them, comprise the ion gun. The 
gun accelerates the ions and forms them into an- 
other collimated beam, which passes through the 
source exit slits into the mass analyzer section. This 
arrangement efficiently utilizes the ions by applying 
the principles of electron optics—which also hold 
for ion optics—in forming an ion beam having a 
small angular divergence as it enters the analyzer. 
The formation of ion beams of adequate intensity 
for accurate measurement and high sensitivity re 
quires a relatively large amount of sample molecules, 
hence a comparatively high pressure, in the ionizing 
source. However, the pressure must be small 
enough to prevent collisions between molecules and 
ions, and attendant production of secondary ions. 
This requires a mean free path (distance between 
collisions) much greater than the dimensions of the 
ionizing chamber. When this requirement is met, 
the desired condition of molecular flow has been 
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Mass analysis 


Once the ions are formed they must be sorted 
into their individual M/Q groups and the quantity 
in each group measured. In the electromagnet 
mass spectrometer a geometric separation, due to 
the fact that the ion paths differ for each M/O fot 
a particular preferred arrangement of electric and 
magnetic fields, sends only the selected M/Q 
through the exit slit to the collector plate. The 
collector current required to neutralize the ions 
falling on the collector is quantitatively measured 
by a conventional feedback electrometer amplifier. 
Electrometer design is well developed and_ the 
operation of the various models highly reliable and 
accurate. The measured currents vary from a detec 
tion limit of about 10-'* amp to a maximum of 
about 10-?° amp. Recording by either oscillograph 
or pen is almost always used, and frequently the 
spectrum data is simultaneously converted to digital 
form for interpretation by a computer. The arrange 
ment is shown at the lower right of Figure 

Figure 3 shows in detail the paths taken by the 
ion groups in the beam for the 180-deg analyzer. 
I'he entering ion beam has been accelerated through 
an electric-field potential E, in the source, and is 
under the influence of a magnetic field. As a re 
sult, each ion group follows a circular path described 
by the useful mass spectrometer equation 


BR = V2E,4M/Q =144 Vv EaM 
where O is unit charge, M is mass units, B is mag 





netic field in gausses, R is radius of ion path in cm, 
and E, is the potential in volts. 

Conventionally, the mass spectrum is scanned by 
gradually varying the ion-beam accelerating voltage 
or by varying the strength of the magnetic field. 
In either method the different M/Q’s comprising 
the entering beam are swept in sequence across the 
exit slit of the analyzer. A particular voltage cor- 
responds to a particular mass number, and a record 
of ion abundance (collector current) vs. mass num- 
ber is the mass spectrum of the sample from which 
the subsequent analysis is interpreted. 

[he ion source itself consists of a multiple-slit 
system, as seen at the left of Figures 2 and 3. Ions 
accelerated into the mass analyzer section enter with 
slightly divergent entrance angles, a. The different 
entrance angles cause a displacement of the center 
of curvature. The spread S of the ion beam equals 
Ra? to a first approximation when a is small. The 
ion paths diverge to 90 deg, and then converge to 
an approximate focus at 180 deg, at which point 
the beam falls through the exit slit and hits the 
collector plate. The spread of energy AE, of the 
entering ions causes a change in radius R. 

Resolution M/dM of the mass spectrometer is 
the instrument’s ability to separate mass M from 
adjacent mass M + 1. Resolution can be stated by 

M/dM = R/(S,; + 8S, 
where S,; and Ss are the entrance and exit slit 
widths, and Ra? is negligible. The significance of 
the ion-beam spread on resolution may be consid 
ered by comparing Ra? with (S; + S2). 

lon-beam dispersion can also be caused by ions 
in the beam colliding with residual gas molecules 
in the analyzer. To avoid this, the pressure in the 


mass analyzer is kept low. It must be much smaller 
than the pressure in the ion source because of the 
size of the analyzer ion path, about 50 times greater 
than the source dimension. The high pressure m 
the ion source and low pressure in the analyzer 
can be maintained by differential pumping (a 
® mm Hg 


typical mass analyzer pressure: about 10 

The pressures in the source and analyzer sections 
vary inversely as the rates of molecular flow 
source to tube envelope to vacuum system In 


from 
practice differential pressure ratios as high as 30 
to 1 are obtained. The vacuum tem maintains 
the pressure throughout the instrument low enough 
to make ion-molecule collisions infrequent, and 
the background spectrum produced by acti of 
] ] 


the ionizing electrons on the residual gas unimpor- 


tant compared with the ion density resulting from 
a normal sample. 

Ihe 180-deg mass spectrometer predominates fot 
quantitative analysis applications \ variation of 
the electromagnetic analyzer is th« 
In theory, the sector 


between zero and 180 deg and the 


ector type mass 
spectrometer. angle can be 
entrance and 
exit arms do not have to be symmetri 

tice, however, these analyzers have had sec 

of 60 and 90 deg, and their arms ha 

metrical. 
ments is that the entrance and exit 
center of curvature of the ion path 
straight line. 

Another variation of the electromagneti 
is the crossed field or cycloidal mass spectrometer 
[his analyzer is unique in that ions entering 
analyzer section with any initial energy 
direction are focused perfectly on the ex 
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WHAT MASS SPECTROMETERS CAN DO 


The mass spectrometer can rapidly analyze multicomponent 
streams, ranging from gases to fairly heavy liquids that have been 
converted to vapor. It can detect components with concentrations 
as small as a few parts per million. Frequently, it is the only 
analysis instrument that can meet the required conditions of speed, 
precision, and sensitivity for particular applications. The mass 
spectrometer is a very complex instrument and requires rather 
exacting conditions for successful use; simpler instruments, however, 
are being developed. 


WHERE MASS SPECTROMETERS HAVE BEEN USED 


emonitoring isotope separation units in atomic energy plants 

elocating producing zones in oil fields by analyzing drilling muds 

eanalyzing exhaust gases and fuel-air mixtures for rapid and 
effective studies of the operation of internal combustion, jet, and 
gas turbine engines 

econtrolling underground combustion processes (for recovery of 
heavy crude oil from spent wells) from the gases produced 

econtrolling furnace atmosphere in high-vacuum metallurgy 

econtrolling a process to extract by-product sulfur from natural 
and refinery gases 





equation of ion-mass motion for this instrument is: 
2EM 
b — 
BY) 
where b is the slit spacing, E is the electric field, 
and the other symbols are as previously noted. 


Time-of-flight spectrometers 


The discussion so far has centered on the electro- 
magnetic mass spectrometer. Another important 
class of instruments is the time-of-flight mass spec- 
trometer, which uses transit time in an electric field 
as a function of M/Q to separate ion-mass groups, 
rather than on the geometric basis associated with 
the electromagnetic type. 

Beckman Instruments markets the rf time-of- 
flight mass spectrometer shown schematically in 
Figure 4. lons formed in the ion chamber are 
accelerated into the rf analyzer, and then further 
accelerated through a series of spaced grids to which 
an rf potential is applied. Only the ion group 
resonant with the alternating electric field will 
acquire the maximum energy possible from the 


on curvature in 
magnetic field 
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equation 
BR=144 VME, 
Uniform magnetic field 


lon | -aa 
source Ey, “3e 


lonization 


linear accelerator. That is, only the ions that travel 
from grid to grid in exactly the time to receive the 
maximum acceleration will pass through the exit 
slit. A kinetic energy selector rejects ions not in 
resonance, and only the resonant mass reaches the 
collector for measurement of abundance. 

The ion current of the rf mass spectrometer is 
not limited by the collimating action of beam-form 
ing slits or by the requirement that the beam pass 
through the narrow analyzer slits. Thus, the beam 
can be larger in cross-section than in the electro- 
magnetic type. This should result in greater efh 
ciency of utilization of the ions and in relatively 
large currents at the detector, but it does not, for 
a variety of reasons; the ion currents actually realized 
are of the same order of magnitude as those in the 
magnetic instrument. 

Bendix markets a time-of-flight mass spectrometer 
using pulse techniques. Ions are accelerated by a 
very brief pulse (microseconds) of applied voltage 
into a drift path, which they travel at velocities 
inversely proportional to the square root of ion 
M/Q’s. ‘The ion groups thus separate timewise 
according to mass, with the lighter ions reaching 
the collector first. The collector functions as an 
extremely sensitive ion multiplier. The complete 
mass spectrum of each pulse is presented oscillo 
graphically, often with as many as 10,000 scans per 
sec. This analyzer is particularly useful for analyz 
ing such phenomena as fast chemical reactions. An 
integrating collector-readout is available. 


Practical considerations 


lhe excellent performance of modern mass spec 
trometers is the result of years of intensive and 
considerably empirical development. Analytical 
accuracy depends on calibration with known sam 
ples, while precision depends on maintaining those 
conditions that make the best compromise between 
several mutually contradictory requirements. ‘Two 
such requirements have already been mentioned 
relatively high pressure in the ion source to provide 
high sensitivity, and low pressure in the analvzer 
section to avoid ion-mole 
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vary considerably in ion production 
and have a corresponding effect on the 
small source field as the space-charge 
distribution varies with both sample 
composition and pressure, with a re- 
sultant effect on ion-beam intensity. 

Filament-conditioning, another prac 
tical consideration in the operation of 
a mass spectrometer, is a technique 
that is part of the art of mass spec- 
trometry. The tungsten-filament source 
emits electrons as a surface phenom- 
enon which is markedly affected by 
interaction with the sample. ‘The inter- 
action causes variations—as the sample 
varies—in filament temperature, energy 
of emitted electrons, and beam cross-section density. 
(he filament is conditioned by operating with a 
large sample of isobutane or similar material for sev 
eral hours, or until the tungsten is partially car 
burized and the emission quite stable. 

(he complexity and maintenance requirements 
of the modern mass spectrometer have been re 
duced to the point where many today are adapted 
to in-plant process applications and require far less 
attention than those of a few years ago. ‘The 
instrument has been simplified and improved 
through clearer understanding of the operating prin 
ciples, improved components and auxiliary equip 
ment, and better circuits. Modern oil diffusion 
pumps, operating with baffles and often without 
charcoal traps, help too. 


Interpreting data 


Ihe process mass spectrometer is almost always 
used as an indicator, an operator manually resetting 
the process controls based on the information it 
furnishes. Most in-plant applications to-date are 
characterized by analyses in which unique peaks 
may be read directly from the chart without the 
necessity for calculation; in this case, direct control 
from a mass spectrometer is easily accomplished. 
Unfortunately, however, there are only a few multi 
component hydrocarbon streams in the petroleum 
ind chemical industries in which mass spectral in 
terferences do not overlap a unique peak. Spectral 
interferences are the rule, not the exception, and 
they call for calculations to determine the molecu 
lar species and their concentrations in the stream. 

E:very sample component has a characteristic mass 
spectrum on the pure component to be determined 
that can be expressed by: 
spectrum of A Pa[Kau 
where A is the component, P, is the partial pres 
sure of pure A as measured at the sample entn 
svstem, and K,yy is a calibration constant charac 
teristic of component A for each M (or M/Q) ion 
resulting from the ionization of A. Spectra of 
components B, C, D, etc., can be represented in 
a similar manner. 


Kam’ + Kaw” +-——— 








The peak height of each mass of the spectrum 
of a multicomponent sample containing several 
components is then: 

Hy = PaKaw + PekKew + PcKeyw + PoK 

Hy’ P4K am’ PeKkpw’ + PcKem 

Hy” = P4aKay"” PgpKkew”’ + PcKem 

Hy" PaKanu’” + PsKean’” + —— 

where Hy, Hy’, etc., are the peak heights of the 
sample spectrum as read at the respective masses, 
and: Ps = Pa + Psa+ Pet Po 

relates the measured sample pressure to the partial 
pressures of the components. ‘These partial pres 
sures are the unknowns in the matrix of equations 
set up by reading sample peaks; after they are found 
they can be normalized to mole-percent 
tions. Note that the foregoing mathematical rep 
resentation of a composite spectrum is similar to 
the simple spectrum synthesized in Figure | 

[he simultaneous equations can_ be 
eral ways. If the computation is made with sufh 
cient precision the accuracy of the 
analysis will be limited only by the a 
oiginal data. It takes an experienced person about 
15 min to manually solve equations containing only 
three or four components 
contain more components 
ponents the manual calculation 
hours. Such lengths of time are often intolerable 
for in-plant stream 
laboratory analyses. 

Before a sample analysis can b¢ lculated the 
instrument response to known q tities of each 
component must be determined n effect, this 
means that a pure sample of each of the components 
(perhaps 20) must be run through the 
to obtain calibrations for them. If a 
samples are being analyzed and the calibrations vary 
appreciably with time, more time can be 
calibrating the spectrometer than running useful 
analyses. As it is, the relative sensitivity and instru 
ment performance are determined periodically, using 
n-butane or something similar in molecular struc 
ture, and the necessary instrument adjustments are 
made from the resulting readings 
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term spectral stabilities are usual for hydrocarbons, 
but other materials may require more attention. 
Once an accurate and stable spectrum is assured, 
electronic digital computers prove helpful in reduc- 
ing the time for the solution of the simultaneous 
equations. An advanced system, the Spectrosadic 
of Consolidated Electrodynamics Corp., utilizing a 
direct readout into a digitizing system, has been 
developed for laboratory use. It is particularly valu 
able for frequent routine analyses of multicompo- 
nent samples of similar composition because it 
eliminates reading charts and transcribing data. 
Monsanto has successfully used mass spectrome- 
ters for controlling one of its unit processes at ‘Texas 
City. The installation of three mass spectrometers 
and the associated sampling system in the control 
house is shown in Figure 5. Three are used here 
because the process is such that continuity of analy- 
sis must be assured. If one is taken out of service, 
two others will be available to take its place. Any 
one spectrometer can analyze all samples at about 
20 sec per point. When two or three spectrometers 
are available for on-stream duty the sampling system 
shares its streams to reduce the analysis time. 


What’s available 


Several mass spectrometers are available for proc 
ess applications, including Beckman’s rf gas analyzer, 
and Consolidated Electrodynamics Corp.’s recently 
developed Model 21-611, Figure 6. Other spec 
trometers for process applications are CEC’s Model 
21-610 electromagnetic analyzer and Model 21-620 
cvcloidal analyzer. All are compact and have lim- 
ited resolution (compared with a laboratory spec 
trometer) and minimum requirements for utilities 
services and maintenance. They are adaptable to 
installation directly at the operating site, and can 
be used as limited-purpose laboratory instruments. 

Consolidated’s Model 21-611 is the most advanced 
mass spectrometer for process applications. It has 
a simple vacuum system operating without traps. 
Its electronic circuits are highly developed and 
reduced to essential high-quality components. The 
instrument is very compact, attractively packaged, 
and simple to install at an operating process site. 
Its unitized construction simplifies maintenance. 
The next stage of development, to an explosion 
proof housing, is believed to be in progress. 

The most advanced laboratory mass spectrometric 
system currently available is CEC’s combination 
Model 21-103 and Spectrosadic automatic peak 
reader. ‘The Spectrosadic converts analog measure- 
ments of ion-abundance into digital information 
ready for interpretation by a computer. 

The Consolidated-Nier Model 21-201, a 60-deg 
sector instrument designed particularly for isotope 
ratio measurements, is also useful for analytical work 
within the limits of its mass range and resolution. 
Its dual collectors receive a pair of adjacent isotopic 
masses; the two resulting currents are ratioed di- 
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FIG. 5. Mass spectrometer 
installation at Monsanto 
plant in Texas City 


FIG Consolidated 
Electrodynamics Corp.'s 
Model 21-611 mass 


spectrometer. 


rectly, canceling several sources of error and giving 
highly accurate ratio measurements. 

Several mass spectrometers of specialized design 
have been marketed for leak detection. These in 
struments are highly sensitive but of limited ver 
satility: they are focused only for hydrogen o1 
helium. The input to the leak detector is connected 
to the system being leak-tested, perhaps the housing 
of an hermetically-sealed gyroscope. Helium is 
sprayed over the housing surface and the spectro 
meter observed for any helium within the case. 

An alternate leak-testing method is to pressurize 
the inside of the system with helium and explore 
the outside surface with a probe that sniffs the 
surrounding atmosphere for evidence of the gas. 
This method has also proven useful for searching 
for leaks in hydrocarbon-carrying pipelines, because 
the mass spectrometer can detect the hydrogen ions 
resulting from the ionization of escaping materials. 
Leak detectors were extremely valuable in the con 
struction of the Atomic Energy Commission’s Oak 
Ridge installation. 





air circuitry: 


a new term of importance to control engineers. 


Air has come of age as a control medium. No longer is it confined to the simple jobs of pushing 
a clamping device, moving a lever, or blowing chips. No longer is an air circuit just a valve, 
reservoir, and cylinder. Today the most complex of industrial control problems can and are 


being solved efficiently with air. 


Today, pneumatic circuits can be interconnected. They can be set to control a complex sequence 
of operations automatically. They can be combined with electrical circuits. There is no control 


problem you have that can’t be solved successfully with air. 


The new role that pneumatic control can play in industrial operations demands a new way 
of thinking about air control. It demands a new way to describe control by air—a new name that 
suggests some of its limitless control possibilities. That’s why Westinghouse Air Brake Company 


is now using the term “air circuitry” to describe the application of air control to automation. 


Westinghouse Air Circuitry, we realize, has to be more than just as good as your present 


means of control. It has to offer you extra advantages. And it does. 


Chief among these is its extreme simplicity. The devices themselves are uncomplicated me- 
chanical devices. They have few moving parts. They are easy to service by any mechanic. The 


circuit connections are made with pipe—and what could be simpler than that! 


This extreme simplicity brings with it other important “pluses” for air circuitry. The simple 
equipment is unusually reliable—there are few moving parts to wear out or get out of adjustment. 
The devices are sturdy and durable. They require very little maintenance. What maintenance 
there is can be handled without the services of highly trained technicians. 

Above all, remember: no means of control is as safe as air. 

Air circuitry can help you simplify your control problems. It can help you get accurate 
answers to your automation problems on any industrial machine . . . in any industrial process. 
And Westinghouse Air Brake Company can help you with the engineering of a suitable system 
Westinghouse has been in the control engineering business for 80 years now. It has been at the 


forefront of the development and improvement of air control equipment and its applications 


For more information on Westinghouse Air Circuitry—how it has helped other companies, 
how it can help you—write for your copy of “Basic Pneumatic Control,”’ or call our nearest 


sales office. 


WESTINGHOUSE AIR BRAKE COMPANY, INDUSTRIAL PRopUCTS DIVISION, WILMERDING, PA. 
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Why Bristol’s Metagraphic System 


gives you “Hi-Fi 
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Metagraphic Transmitter 
... Offers you the broadest 
range and widest coverage 
for measurement of temper- 
ature, pressure, vacuum, crcues / wwure 
differential pressure, flow, SRESvENCY 
liquid level or mechanical 
motion. Standard Bristol Bristol Metagraphic Receiver frequency response is 
measuring elements insure outstanding for a pneumatic instrument. At high end, 
accuracy. 3-15 psi output the 70.7% response point occurs well above 10 cycles 
signal. per second. 


— oS oe 
++ 





to 
CYCLES ¢ SECOND 
eo 











CONTROL ENGINEERING 





eeseevese 
. 


Metagraphic Receiver . . . plugs and unplugs 
in 5 seconds, with no interruption to control. 
Comes in 38 models to insure you optimum per- 
formance in your application. Set point, meas- 
ured variable and valve position are continu- 
ously indicated on same scale. Indicator models 
also available. 


pneumatic control 


Many of the instrument men using the Bristol Metagraphic 
pneumatic system are hi-fi hobbyists. The term ‘“‘hi-fi’’ just 
naturally comes to mind when they compare the performance 
of the Bristol Metagraphic with other makes of pneumatic 
control systems. 


The Metagraphic Receiver has, without question, the best 
frequency response characteristic of any comparable pneumatic 
receiver on the market. In fact, it’s being used as a test standard 
by one user for response analysis. 


And, the matched characteristics of the Metagraphic transmitter 
and controller insure you optimum process control . . . with 
minimum lag or other distortion. 


If your process needs the best in pneumatic control systems, 
get complete data on the Bristol Metagraphic. Our engineers 
will be glad to discuss, in detail, the characteristics of the 
Metagraphic system and how the system can be adapted to 
your particular requirements. The Bristol Company, 101 
Bristol Road, Waterbury 20, Conn. e.5 


Metagraphic Controller .. . this outstandingly 
rugged, trouble-free controller supplies precision 
pneumatic control of almost any variable. Op- 
erates from “‘universal’’ 3-15 psi pneumatic in- 
put signal. Proved force-balance operating prin- 
ciple requires almost no moving parts, nothing to 
wear out. 


e re $ Ss |  @) L TRAIL-BLAZERS IN PROCESS INSTRUMENTATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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CONTROL is first! Now—one step 
static control with switching reactors 


No wonder Nikita looks worried. Controt has taken the 
strain off American industry’s pocketbook by cutting the 
cost of static control. 

American engineers who want to make free use of power 
switching guided by digital logic can now take over, be- 
cause ContrROL’s standard line of switching reactors give 
freedom of design and economy never before available. 


First, one-step static control with switching reactors is so 
easy to operate it can be put to work in everyday sequenc- 
ing and switching problems involving either a-c or d-c 
loads. Auxiliary equipment is eliminated by the basketful. 
Gone are all the preamplifiers, special power supplies, 
information-sorting single purpose logic units, and power 
switching relays. CONTROL’s one-step switching reactor 
does most of the job by itself. 


Second, these units, in four nominal volt-ampere ratings 
of 15, 75, 150 and 300, have no relay contacts or moving 
parts to replace. Switching is by impedance change. Install 
them and forget them—no wear, no maintenance. 

Third, each ConTROL reactor performs all logic functions 
—AND, OR, NOT, MEMORY and TIME DELAY—through its multi- 
purpose control coils. Signal source is derived typically 
from limit switches, push buttons, or photo-cells. 

Fourth, each unit has a 10,000:1 switching ratio under 
nominal supply voltage conditions. High inrush currents 
are handled without difficulty. 

To learn how Controv reactors work, and how they'll 
fit your need for completely dependable, low-cost, ver- 
satile static control, write—and see why Nikita looks wor- 
ried. CONTROL, Dept. CE-46, Butler, Pa. U.S. A. 


Reliability begins with CONTROL. 


*Expurgated translation. Heavens-to-Betsy! 
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Using the 
Acceleration-Switching — 


Valve 


FIG. 1. Schematic diagram of 
1 hydraulic acceleration switch 


I. HARRIS icceleration-switching valve does not [o-date, the hoped-for economies 
McDonnell Aircraft Corp. perform as a pure integrator. Rather, have not been realized in servos using 
the transfer function of the valve has switching valves. The switching valves 
the form: themselves cost at present as much 
or slightly more than linear transfer 
valves, and most manufacturers (those 
who would use the same equipment 
and procedures to make both valves 
deny that the savings promised by the 
switching valve’s relaxed tolerances 
will ever be significant. In addition, 
the switching technique does nothing 
to reduce the required manufacturing 
precision (hence cost f the servo 
actuator and linkag« 


A cross-section view of a typical 
switching valve is shown in Figure 1. 
Using the switching technique, the 
torque motor flapper is driven from 
nozzle to nozzle by a square wave where + typically has a value between 
whose amplitude is high enough to 0.1 and 1.0 sec, and in general the 
cap off the can completels fl ap- time constant decreases as the rated 
proximately one-half of each cycle. If flow of the valve is made larger. For 
the square wave is perfectly symmetri example, a switching valve with a 
cal there is no average force tending to rated flow of 1.8 gpm, with 933 psi 
push the spool in one direction or the across the valve, has a time constant of 
other. If it is not perfectly symmetrical, 0.14 sec, and another valve with a 
one nozzle will be c: ipped off longer rated flow of 0.33 gpm at 933 psi has ASV is more reliable 
than the other and the resulting net 1 time constant of 0.38 sec. 
force will push the spool toward one Valve manufacturers are rating Perhaps the most promising 
of the stops (see Chubbuck’). switching valves in terms of a so-called ture of the switching technique 1 

Since the spool is not restrained “acceleration gain” with units of in.* creased reliability under advers 
by springs as it is in ccnventional per sec*. This rating may be used for vironmental and operating condition 
“linear” valves, the spool position the value of K in the transfer func Oil temperatures in many guided 
theoretically is proportional to the tion of the valve, but it is important missile applications, have become very 
time integral of the square-wave un- to remember that the K must be mul high. All conventional linear valv 
balance. Then, since in addition the tiplied by the valve time-constant to tested to-date have exhibited a larg 
position of the piston in an actuator obtain the proper gain for servo de null shift, of the order of 15 percen 
is proportional to the time integral sign. The ‘‘acceleration gain” is de- or more, when the oil temperature 
of the oil flow into the actuator, it rived by the manufacturer by multi raised from room temperatut 
was assumed that a switching valve, plving the valve-spool velocity by the deg IF’. The temp 
in combination with an_ actuator, spool-orifice gain (which would be the switching val 
would act as a double integrator. the correct valve gain only if the valve siderably less, be 

Experiments have shown that the were actually a true integrator). termined primar 

the input squia 
force level 
certainly 
ming bi 


Notice wear on piston of actuator subje 
temperatures. Abraded material contaminates oil 
comp ment 
Recent te 
temperature 
reliability ad 
the extensive 
actuator subj 
high tempera 
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How to Save Man Days in Research and Testing Involving Transients— No.6 of a series 
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PROBLEM: Transient Analysis—Economy in Testing Procedures 


Using conventional oscilloscopes, careful analysis and study 
of nonrecurrent wave forms in complex and costly elec 

tronic equipment involves any number of tests and retests. 
While ferreting out spurious signals—caused by malfunc 

tioning components, loose connections, pigtails of solder or 
other circuit troublemakers — fatigue and taxed patience 
result in a waste of both time and money. 


SOLUTION: The Hughes MEMO-SCOPE® oscilloscope 
holds transient wave forms in place until they are inten- 
tionally erased. There ls no more need for repetitious testing 
which oftentimes damages costly electronic equipment. A 
storage type oscilloscope, it allows careful study and anal- 
ysis of wave forms until all desired information is obtained. 





HUGHES MEMO-SCOPE OSCILLOSCOPE 

STORAGE TUBE-—5-inch diameter Memotron® Direct Display 
Cathode Ray Storage Tube. Writing speed for storage: 
125,000 inches per second. The optional Speed Enhancement 
Feature multiplies writing speed approximately four times. 
Plug-in type preamplifiers for greater flexibility are available as 
optional equipment. 


APPLICATIONS—Presentation of tube or transistor character- 
istics without the necessity for repetition. Displaying frequency 
response curves with single scan through the desired spec- 
trum. Investigation of transient behavior for power supply reg- 
ulation. Transients encountered in ballistic or missile firing. 
Impact testing. 


CONTROL ENGINEERING 


Arrange to see this “oscilloscope with a memory” in action. A 
Hughes representative in your area will set up a demonstration 
in your company at your convenience. For demonstration write: 


HUGHES PRODUCTS MEMO-SCOPE Oscilloscope 
International Airport Station, Los Angeles 45, California 





than the other. It is difficult to 
imagine worse operating conditions. 
Note that the upstream orifices in the 
switching valve are typically 0.003 to 
0.005 in. in diameter, as compared 
to 0.0006 to 0.0008 in. in the flapper 
nozzle circuit of conventional valves; 


the latter obviously would clog morc 
readily. And a null shift of this type 
is not a catastrophic failure. 

In other tests under the same high 
temperatures (oil temperature 275 deg 
I’, ambient 500 deg F), switching 
valves were operated for periods of 


Bremsstrahlung Gages 
Improve Thickness Control 


N. A. HART 


Baldwin Instrument Co., Ltd. 
England 


Bremsstrahlung radiation — x-ravs 
emitted when a metal target is bom- 
barded by beta ravs—offers certain ad- 

intages over conventionally produced 
x-ravs or beta rays for gaging thickness 
‘f metal strips in rolling mills. Radia- 
tion gages using the Bremsstrahlung 
effect have thickness ranges signifi 
cantly (0.004 to 0.040 in.) 
than nucleonic gages (limited to less 
than 0.020 in.) using beta rays di- 
rectly, and avoid the high cost, fragil- 
itv, and bulkiness of x-ray tubes 

Figure |] a Bremsstrahlung 
radiation gage installed on a four-high 
rolling mill that will accept brass strip 
between 0.007 and 0.030 in. and de 
liver a finished gauge of 0.005 in. Only 
the detector assembly can be seen. The 
beta source (strontium 90) is located 
in a shielded container below the strip, 
Figure 2, and bombards a metal target 
in the source container, which in turn 
emits the radiation. 

The target directed 
through the strip to the detector by a 
solenoid-actuated shutter with three 
apertures. The radiation that pene 
trates the strip strikes a sodium iodide 
crystal which “‘scintillates”, causing 
visible light proportional to radiation 
intensity. A photomultiplier then gen- 
erates a current proportional to the 
light intensity, and inverse to plate 
thickness. 

rhe photomultiplier current is sub- 
tracted from a constant current in a 
potentiometer to produce a voltage 
directly proportional to strip thick- 
ness. This signal is compared to a pre- 
set voltage representing desired strip 
thickness, and the difference goes to 
a highly-stable, low-gain de feedback 
amplifier. The output of the amplifier 


greater 


shows 


emission 1S 


FIG. 1 Bremsstr 


measuring head is small; can 


be located closer to rolls on 
strip mill, to redu 
t 


transportation lag 


improve contr 


is thus proportional to the deviation 

A discriminator receives the ampli 
fier output and operates the 
down motors through relays. It rec 
ognizes three zones of deviation and 
responds with either an intermittent 
or continuous correction action. In a 
dead zone accepting a thickness devia 
tion of plus or minus 0.0003 in. it 
takes no action. When the deviation 
lies between plus or minus 0.0005 in., 
it sends impulses at 2-sec 
intervals to the screwdown motors via 
the relays, and when the deviation is 
larger it operates the motors continu- 
ously. This control action is said to 
have better anti-hunting characteristics 


SCTCW- 


0.25-sec 


several hours without any noticeable 


performance degradation 


REFERENCI 


1. ARI HIGH PERFORMANCI AND 
LOW COST COMPATIBLI IN| HY 
DRAULIC SERVOS J G Chubbuck, 
“Control Engin Na 1957, p. 98 
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against a standard 
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when the tail of 
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self-monitoring 
\ microswitch on 
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1 Strip passes I his 
causes the 
draw and the shutter to rotate, present 
ing a standard sample between the 
source and the detector. If the am 
plifier gets a deviation signal, its out 
put is fed to a sen through 
another circuit 
[his motor changes the setting of the 
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FIG. 2. Schematic of 
Bremsstrahlung measuring head 
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submarines are how you look at them 


It’s one thing to peer through a sight at an enemy sub- 
marine. And it’s quite another to be peered at. 

At the Mechanical Division of General Mills, we help th« 
U.S. Navy take both views into consideration. We build 
weapons to destroy enemy submarines should we ever be 
attacked. These are the latest in a series of ordnance items 
we have built for the Navy since before World War II 
And, we build radar antennas and related equipment to 
help our submarines to defend themselves. 


... possibly you too can benefit from our defense production experience 


CONTROL 


ENGINEERING 


The Navy is only one of our military customers. 
For the Air Force and Army we make or have 
made bombsights and gunsights, missile guidance 
and control equipment, search and surveillance 
systems and other electro-mechanical devices. 
We'd like to tell you more about how we com- 
bine creative engineering and fine precision pro- 
duction to serve industry and the military. Our 
unified team can handle research, development 
or manufacturing—or the entire package. 

Write Dept. CE-4, Mechanical Division of 
General Mills, 1620 Central Ave., Mpls. 13, Minn. 


MECHANICAL DIVISION 


Creative Research and Development + 
Precision Engineering and Production 
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IDEAS AT WORK 


An Airborne Correlator to 
Data Reduction 


H. B. MEYER, Convair (San Diego) 





When flight-test data is partly 


telemetered and partly recorded 





locally, the parts must be corre- 
lated properly to get all the test 
results. A working correlator is 





described here in some detail. 








During flight testing of experimen- 
tal aircraft, the many temperature and 
pressure measurements telemetered to 
ground-based recorders often require 
the entire frequency modulation band 
of Research & Development Board 
(RDB) telemeter channels. However, 
it is also necessary to correlate these 
readings with other flight variables, 
such as air speed, altitude, electrical 
system load, and air temperature. 

To save the telemeter channels for 
the pressure and temperature data, 
these other variables may be recorded 
by photographing a group of standard 
aircraft instruments arranged on a 
“photopanel”. Then, by means of a 
common “key”, the photopanel data 
can be correlated with the telemetered 
data at the time of data reduction. By 
dividing the telemetered data into spe- 
cific groupings, each group can be 
coded (i.e., given an arbitrary name 
or number). The photographed data 
related to the telemetered data (i.e., 
taken at the same time) can be recog 
nized by the same code. In this way, 
only one extra channel is needed—to 
transmit the code number. All other 
data can be correlated later. 

An airborne system has been built 
that provides a correlation code to a 
special indicator on a photopanel, and 
to the data-correlation channel of the 
telemeter transmitter. This correlator 
also controls the grouping and multi- 
plexing of temperature and pressure 
signals in two data channels, and the 
camera that records the photopanel. 

The system is diagrammed in Fig- 
ure 1. The master control] unit is en- 
closed within the heavy box. It is de- 
signed around an electric-motor-driven 
commutator (sampling switch) that 
rotates at 4 rps and provides a master 
control pulse every revolution (2 sec). 
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New Sola Constant Voltage Transformers 
feature less size and weight; greater efficiency 


Sola now has many improved designs in standard and har- magnetic regulators, these new ratings provide output regula- 
monic-neutralized static-magnetic voltage regulators. These tion of +1%, with input voltage fluctuations up to +15%. 
new designs — 19 in all — offer size reductions up to 60%, Response time is 1.5 cycles or less. There are no moving parts, 
and weight reductions to 55%. Greater efficiency is achieved no manual adjustments. These are but part of a full selection 
from improvements in core design. As with other Sola static- of 44 stock ratings from l5va to 10kva output capacity. 


Output regulated within +1% with 
input variations as great as +15% 
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Sola Electric Co., 4633 W. 16th St., Chicago 50, III., Bishop 2- Offices in principal cities « 


In Canada, Sola Electric (Canada) Ltd., Canmotor Ave., Toronto 14, Ont 
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The sampling switch $1 (Figure 1) 
has two poles and 60 segments per 
pole. Pole 1 produces the master con- 
trol pulse to actuate the camera and 
select the A, B, or C group of sampling 
relays. The first five segments of the 
switch are connected together to pro- 
duce this pulse. The switch is the 
overlapping or make-before-break type, 
so the pulse is continuous for } sec 

5/60 rev divided by 4 rps 

Ihe master pulse closes relay K1 

Figure 2), producing three simulta- 

neous pulses. One of these pulses 

idvances an electromechanical counter 

which can be read by the pilot. The FIG 

second pulse advances a special binary 

encoder which supplies the correlation 1 group every third revolution of S] 

ode number to the indicator on the igure 3 shows how a specific tem 

photopanel and to the correlation perature reaches the telemeter trans 

channel of the telemeter transmitter mitter. ‘Three adjacent thermocouples I sam 

in the C group appear here with thei S1) on the 
sampling relay connections to the dc rest of the 
implifier. At the instant shown, pole produce 

| of the sampling switch is passing either 

double segment 10 and relay C10 is | 

bemg pulled in to connect thermo to 

couple C10 to the de amplifier. Other 

thermocouple leads, including groups ind, depending 
{ and B, are in parallel but open powered by S2, 

After the C10 signal is amplified, it ment 2, 4, or ( 
is attenuated to the correct level to Ihe binary encoder is a re 
modulate the temperature-channel fm ter that uses a 4-2 le to energize 
oscillator of the telemeter transmitter. 1 photopanel indi like that in 
Deck 3 of stepping switch S2 connects Figure 4. It adds a count at each revo 
in the proper attenuator for the C re- lution of S1 as it receives a pulse from 
lav group. The three attenuators pet K1 (Figure 2), and in addition pr 
mit the oscillator to handle three dif duces four gi s of four signals (held 
ferent temperature ranges, and retain for an entire revolution of Sl) repre- 
comparatively high resolution on the senting the thousands, hundreds, tens, 
lower ranges. In one application, the and units decimal digits of its 9,999 


1 


\ thermocouples operated in the range digit capacity. A binary zero 

from 400 to 600 deg F, the B thermo sented by a 2.5 t (steady 
uuples from 250 to 450 deg F, and and a one by a olt output 

the C thermocouples from minus 40 outputs of the 

to plus 250 deg F. segments of ] 
Pole 2 of sampling switch S1 deliv Thousands 

ers a pulse-time code signal to the Hundreds 

data correlation oscillator of the telem- Tens 

eter transmitter. The first five data seg Units (sh 

ments are connected together to pro \ typical out 
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via pole 2 of the sampling switch. 
More about this later. The third pulse 
from Kl advances the threedeck sole 
noid stepping switch S2 one position 
Switch S2 does three things. By 
means of a manual selector switch, $3, 
deck 1 permits camera-control] relay 
K2 to be pulsed every 1, 2, or 4 revo 
lutions of the sampling switch Sl. =e ae 4221 4 
rhus, a photograph of the photopanel 5} [ a ia An. Ann Any 
can be made automatically every 2, ; HUI LU 
4, or 8 sec. Deck 2 of S2 distributes nsf are ' 
28-volt de power sequentially to each 
group (A, B, or C) of temperature 
sampling relays on successive revolu 
tions of the sampling switch S1. 
Note that after producing the mas 
ter control pulse on each revolution, 
pole 1 of Sl grounds 54 sampling re 
lays per revolution, two at each double 
segment. The 27 pressure relays are 
permanently connected to 28 volts 
dc, and so are sampled at every revolu- 
tion of Sl]. The A, B, and C groups 
of 27 temperature sampling relays are 
connected to 28 volts by way of deck 


2 of $2, and so are sampled serially, channels 
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STORED TAPES 


TRANSMITTER MODEL 28 
TELEGRAPH SIGNALS DISTRIBUTOR PAGE PRINTER 
WITH STATION 


Why Teletype belongs 
in your system 


Teletype equipment is versatile, works well with other 
systems’ components and is designed for continuous 
operation. 


Varied data input. Illustrated are some common means 
of data input used with Teletype equipment. The control 
unit in the diagram is a Teletype Model 28 Printer 
equipped with a “station selector’. The Printer can, in 
turn, selectively control a variety of receiving units to 
produce page copy, business forms or punched tape. 


Transmitting and editing. Both transmitting and re- 
ceiving stations may be in widely scattered locations. 
The material sent to various receiving stations may be 
edited—some stations receiving all of the data, while 
others are blanked out during part of the transmission 
time. These latter stations thus receive only the portions 
of the data pertinent to their operations. 


All locations receive their material without additional 
typing input. 


For further information on why Teletype equipment 
belongs in your system, write to Teletype Corporation, 
Dept. 20 D, 4100 Fullerton Avenue, Chicago 39, IIl. 
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tion channel is shown in Figure 5 with 
the temperature and pressure data 
sampled during two revolutions of $1. 
Note that calibrated voltages are sam- 
pled for both temperature and pres- 
sure channels on each revolution. The 
recordings shown were made after the 
attenuators, hence the difference be- 
tween the A and B calibration signals. 


Note that the correlation channel 
pulses are half as long as the pressure 
and temperature “pulses”. The short 
pulses are used during ground-data re- 
duction to gate the data samples, and 
thus reject any “rise time” due to the 
de amplifier and any signal ambiguity 
due to the time overlapping of sam- 
pling relays. These gating pulses pro- 


IDEAS AT WORK 


vide the means for ground-station con- 
version of the fm (analog) signals to 
digital. 

The pilot can add his own data via 
the audio channel 


Change the Piping to Simplify Control 


J. J. COMBES 
Scientific Design Co. 


Controlling the flow of process gas 
and steam to a reforming furnace 
looked like it would be very difficult 
until the possibility of making a 
minor piping change was considered. 
Then it became quite simple. The 
problem was stated thus by the proc- 
ess people: 

“A process gas is fed to a reforming 
furnace at a constant controlled rate 
(as in Figure 1). Steam is fed into 
the process gas line at a rate controlled 
in a fixed ratio to the process gas 
stream. This ratio will be changed 
from time to time, depending on the 
source of the process gas. The steam 
is fed through two lines from the main 
steam header. In one line a small flow 
(about 20 percent of the total) is fed 


FIG 


1. Original piping 


use of a hard-to-get tot 





at a constant rate to protect the fur- 
nace tubes in the event the process 
gas and main steam flows are turned 
off. The other line provides the major 
flow of the process steam and is the 
one that is regulated to provide the 
correct total steam flow. The two 
steam flows must be totalized and the 
totalized signal sent to the ratio flow 
controller so that it can control total 
flow. The flow can probably be total- 
ized with a totalizing relay.” 

The difficult part lies in obtaining 
a totalizing relay, R-1, that will send 
a signal to the ratio flow controller 
FRRC-2 that is truly representative 
of the total flow. That is, the signal 
must recognize that: a unit pressure 
change from differential pressure type 
flow transmitter FM-2 represents four 
times as much flow as the same unit 
pressure change from FM-3; and a 
unit pressure change from either trans- 


FIG. 
need for R-1, simplified 


2. Minor change 


mitter at the lower end of its scale 
represents a greater flow change than 
a unit pressure change at the upper 
end of its scale, because flow is pro- 
portional to the square root of the 
measured differential. 

[he problem was simplified when 
the instrument-application engineer 
suggested that, instead of feeding 
steam from the main steam header in 
two separate lines, it be fed from 
one line only; i.e., that the furnace 
protection steam be taken off the main 
process steam line downstream of the 
process-steam orifice and upstream of 
the process-steam control valve. This 
arrangement is shown in Figure 2. It 
can be seen that the steam flows are 
totalized, since all the flow goes 
through the one orifice. The con- 
trol requirements are met and the 
probably unobtainable totalizing re- 
lay R-1 is eliminated 
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Here’s the kind of 


service you get... 
with HONEYWELL instrumentation 


Bill Lewis, typical service engineer, proves 
how you can depend on Honeywell for fast, 
on-the-spot service even in emergencies. 


3 It took Bill two hours to drive to the plant through the 
storm. He spotted the trouble immediately; a thermo- 
couple and its protecting tube had burned out. It might 
have meant four to five thousand dollars’ worth of 
damage. 





. os . ° ° ° . ° ° 
Honeywell service be- ¢ © Preliminary engineering, even before specifications are written. 
gins when you first e Application engineering for installation and startup. 
decide you need instru- Service engineering help from your nearby Honeywell branch. 
ments, and continues 


long after they re Training of your operators at the Honeywell Instrumentation 
installed. It includes: : Education Center. 


Periodic service and swift help in emergencies. 
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I Bill Lewis, service engineer at Honeywell's Fort Wayne 

branch, was in his garage, touching up the paint on his 
13-foot outboard. The bowling match had been called 
off that night because of the snowstorm, and Bill was 
glad to be home. 

















4 Bill didn’t have a thermocouple with him that would 
fit, so he improvised a temporary couple and protecting 
tube and got the system going. Early the next morning he 
called the Honeywell branch in Indianapolis and had the 
correct thermocouple and tube shipped quicklyto the plant. 
Next day, he carefully checked out the entire installation, 


Around-the-clock help in emergencies is 
but one of many Honeywell services 
that give you extra value for your 
investment in instruments. Get the 
complete service story from your near- 
by Honeywell field engineer. He’s as 
near as your phone. 

















2 At 9:30 a call came from the Crosby Laughlin 
Division of American Hoist and Derrick Company in 
Fort Wayne. A controller on a galvanizing kettle 
wasn't working and unless it was fixed fast, the pot 
would either freeze or burn out. Bill said he would 
be out right away. 

















5 Now, Crosby Laughlin Division is signed up with 
the Honeywell Periodic Service Plan, and its complete 
instrumentation is checked and serviced every month. 
Any spare parts needed are now available at 
Honeywell's Fort Wayne branch. Bill hasn't had to 


make another emergency call to the plant since, 


MINNEAPOLIS-HONEYWELL REGULATOR CoO., 
Industrial Products Group... Brown Instruments, 
Wayne and Windrim Avenues, Philadelphia 44, Pa. 


Honeywell 
Fiat we Controls 





Designs of the Month Power Supplies 

Data Handling & Display Actuators & Final Control Elements 
LISTING IN GROUPS Primary Elements & Transducers Research, Test & Development 
Controllers, Switches & Relays Component Parts 


Accessories & Materials 


CURRENT BRIDGE calibrates transducers. 


The photo and block diagram illustrate a new precision 
current bridge for testing or calibrating meter movements, 
relays, micropositioners, torque motors, and electrohydraulic 
servovalves, and for supplying precise de currents to either 
single-ended or push-pull current-actuated devices. 

Output current ranges from 0 to plus or minus 100 ma 
from either output, or when used as a differential current 
source, from both. A 0 to plus or minus 10 ma range may 
also be selected. Self-regulation holds error to within 1 percent 
for a line-voltage change between 105-125 volts, 60 cps. Three 
meters are provided; one in each output circuit, and a zero- 
center galvanometer that can do three things: check the stand- 
ard cell voltage, indicate the differential output current, or 
serve as a null indicator when the bridge circuit is used for 
precise current measurements. The bridge circuit uses a mer- 
cury cell as a standard voltage source. 

Re There are control switches for power, standard cell calibra- 

guiated , ‘ : 2 

power tion, null meter polarity, and range selection. Multiturn pots 

supply accommodate level, differential, and bridge circuit adjust- 
ments. Its design also provides a pair of auxiliary input ter- 
minals and two pairs of output current terminals, separately 
fused.—American Measurement & Control, Inc., Waltham, 
Mass. 
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SPACE SPEEDOMETER yields top results. 


Actually an integrating accelerometer, this compact instru- 
ment boasts a threshold sensitivity of better than 10* g’s. 
Teamed with gyros on mutually perpendicular axes, several 
instruments of this kind can microscopically measure velocity 
in any direction of spherical space. Proposed applications 
include the guidance systems of winged missiles and aircraft 
through the high supersonic or low hypersonic range. 

The device consists of three small metal cylinders. The 
smallest (internal) cylinder floats in a silicone fluid inside the 
middle cylinder. Hydrostatic forces, caused by rotating the 
middle cylinder at 1,000 rpm, center the inner cylinder and 
make it very sensitive to acceleration along its longitudinal 
axis.—Sperry Gyroscope Co., Great Neck, N. Y. 


Circle No. 2 on reply card 
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ROTARY SWITCH uses optical techniques. 


Called the Photosync, this rotary cam-type switch uses 
electro-optical techniques to eliminate such problems as low 
resolution, cam wear, contact bounce, and pms response. A 
direct-coupled voltage change results whenever the input 
shaft angle crosses one or more sets of predetermined angular 
settings. An optical shutter, mounted on the shaft, gates the 
light path between a 10,000-hour incandescent lamp and a 
variable-resistance-type phototransistor. After installation, the 
dust-tight cover assembly may be rotated to correct mechanical 
‘am alignment. Shutters can be cut for any angular limits 

etween 0.1 and 358 deg. For shaft speeds under 5,000 rpm, 
electrical response time is essentially independent of speed. 
—Automation, Inc., Wellesley Hills, Mass. 


Circle No. 3 on reply card 


NEW T’COUPLE checks roll temperature. 


Designed for accurate measurement of surface temperature 
on rotating rolls, shafts, and bearings, this new thermocouple 
assembly features fast response, compact design, and long life. 
Its sensing element is a brass plug, flush mounted in a spring- 
loaded Teflon plunger. The plunger bears against the roller 
or shaft, shielding the junction from the surrounding air. In 
this way the temperature reading remains unaffected by 
changes in surface speed. The internal spring assures a con- 
stant bearing pressure, while the natural lubricity of the 
Teflon prevents any build-up of friction heat. Copper-con- 
stantan, iron-constantan, or chrome-alumel calibrations are 
available—Conax Corp., Buffalo, N. Y. 


Circle No. 4 on reply card 


DENSITY SYSTEM features rugged construction. 


Properties such as fluid density, specific gravity, and percent 
solids are readily measured and/or controlled by the new 
\ccuRay Density System shown here. Applicable to liquids, 
slurries, and divided solids, the system operates on the prin- 
ciple of gamma-ray transmission from a radioistotope. There 
is no physical contact with the flowing material and measure- 
ment is independent of flow rate and pressure. 

The system’s built-in standardizing circuits maintain accu- 
racv and calibration; any component except the radiation 
source and detector may be replaced without affecting this 
calibration. Automatic, built-in temperature compensation is 
ilso available. Long-term accuracies to within plus or minus 
0.001 to 0.003 on specific gravity readings can be obtained. 

In the measuring head, standard pipe sizes range from 3 in. 
to 8 in. The head itself consists of heavy, corrosion-resistant 
meehanite castings welded to the pipe section. Its rugged 
construction provides maximum stability under the most ad 
verse industrial conditions. The power supply and amplifier 
are housed in the enclosure shown, which may be remotely 
located. Its features include a locking access door, slide-out 
electronic unit, and a modular chassis arrangement. A 
recorder may be mounted separately—Industrial Nucleonics 
Corp., Columbus, O. 
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NEW PRODUCTS 


DATA HANDLING 
& DISPLAY 


FOR INDUSTRIAL pH 


The Model 28A pH Meter, shown 
above, automatically compensates for 
zero shift and slope change of the 
pH-mv curve due to temperature 
changes. A carefully designed circuit 
and feedback system provides a sta- 
bility of plus or minus 0.02 pH per 
24-hour period. The instrument pro 
vides a built-in stability check control, 
and features a completely sealed air 
purge case. A wide range of electrode 
systems is available.—EIL Instruments, 
Philadelphia, Pa. 

Circle No. 6 on reply card 
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POSITION INDICATION 


A new series of digital position indi- 
cating devices provides a continuous 
indication of a shaft position on a 
digital display, as shown above, or on 
some recording medium. Models are 
available to indicate feet and inches 
to one millionth of an inch; angles to 
hundredths of a minute; and time to 
hundredths of a second. These sys- 
tems use standard Datex encoders 
(left of display in photo), designed to 
read out continuously at shaft speeds 
up to 120 rpm.—G. M. Giannini & 
Co., Inc., Monrovia, Calif. 


Circle No. 7 on reply card 
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COMPACT COMPUTER 


This new desk-type, completely tran- 
sistorized computer, called the Elec- 
tronic Computation System (ECS), is 
designed to fill the computing needs of 
small and medium-sized firms. Figures 
are entered into the system on the 
keyboard and results printed out auto- 
matically on a print unit mounted 
flush with the desk top. The program- 
ming unit, also located on the desk 
top, provides extreme flexibility. 
When certain programs are used often 
enough, they can be preset on a pro 
gram cartridge and plugged into the 
panel in a matter of seconds. Current 
price of the unit is $15,000.—Clan 
Corp., San Gabriel, Calif. 


Circle No. 8 on reply card 


PRIMARY ELEMENTS 
& TRANSDUCERS 


LINEAR G-METER 


These new linear accelerometers us¢ 
torque generator restraint instead of a 
torsion bar, and offer high precision in 
closed-loop servo systems. Flotation 
of the unbalance weight not only re- 
moves load from the jewelled bearings, 
but provides viscous damping and 
shock absorption. Models for detect- 
ing angular acceleration are also avail- 
able. ‘Torque generators can be sup- 
plied for either ac or de operation.— 
Reeves Instrument Corp., New York, 
N.Y. 

Circle No. 9 on reply card 


FOR GAS ANALYSIS 


Matched thermistor assemblies are 
now available for use in gas chroma- 
tography and other analytical tech- 
niques. With the assembly suspended 
in helium at a controlled 25 deg C, 
voltages are matched to within 0.030 
volt. Bead resistances are also 
matched, to within 5 percent.—Fenwal 
Electronics, Inc., Framingham, Mass. 

Circle No. 40 on reply card 











IMPROVED LINEARITY 


Available in many sizes, this new dis- 
placement transducer features a longer 
linear range and higher output than 
earlier models. Nonlinearity ranges 
from 0.1 to 0.5 percent. Larger units, 
with linear ranges up to 1 in., are well 
suited for industrial applications, while 
miniature models should find use in 
missile designs. Stainless steel or mag 
netic shielding is available.—Interna- 
tional Resistance Co., Philadelphia, 
Pa. 

Circle No. 11 on reply card 


uw 
VERSATILE GAGES 


Using unbonded strain wire, a new 
line of pressure transducers offers ac- 
curate and reliable measurements un- 
der extreme environmental conditions, 
such as are found in hydraulic and 
pneumatic lines in aircraft and mis 
siles, the bottom of oil wells, gas and 
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REPORT 
No. 11,702 


NEW 
MARINE 
STEERING 
CONCEPT 


Wid Power MEWS 


From Oilgear Application-Engineering Files 


HOW OILGEAR APPLICATION-ENGINEERING AIDED CREATION OF MODERN MARINE STEERING GEAR 
CUSTOMER: A long-established Marine Engineering Company (name on request) 


DATA: This company’s technical staff concluded that 
marine steering gear could be modernized instead of 
merely being made larger and heavier. A design pro- 
gram to incorporate new electric and hydraulic devel- 
opments had the following basic objectives. 1: Ex- 
treme flexibility for normal application on all vessels 
requiring power steering. 2: New economy in system 
weight, size, and installed cost. 3: Simplicity, accu- 
racy, reliability. 4: Full follow-up pilot house and 


auxiliary station control of rudder movement, speed, 
position. 5: Eliminate make-and-break, or sliding elec- 
trical contacts, relays, vacuum tubes, solenoid valves, 
heavy shafting, gears, racks, and linkage in the con- 
trol system. Smooth, positively indexed, rate respon- 
sive, stepless rudder movement control] that is noise, 
shock, vibration, and pulsation-free. 7: Compatible 
with gyro-compass, automatic steering. 


Oilgear single or double-acting 
cylinders for single, double, or 
quadruple application as required 
with motor, Two-way, Variable by vessel size. Units shown 
Displacement Pump, small reser cre single-acting, clevis- 
voir, and controls. Unit can also mounted, with loarge- 
be “V-belt driven from main diameter roms, and 
propulsion engine adjustable hy- 
dravlic cush 
rons 


Oilgear Heavy-Duty “Power- 
Pak"’ in engine room. Complete 


Pilot house command unit can be 

wheel or lever acivated. Com- To. 110 VAC power 

mand LYDT— “A” (linear, vari- supply (60-cycle — 
{J abie, differential transformer) is 56 watts max.) 

shown behind bulkhead or ponel. 


4A 


4-conductor 
718 AWG. 


SE SO 
Pa 


Steel Tubing 


7-conductor 


F#IB AWG. 














4-conductor 
#18 AWG. 





Oilgear transistor-servo-amplifier (T) and 
signal panels (p). Compact, con be 
readily bulkhead-mounted in pilot house 
or engine room. 








Full foliow-up auxiliary steering station. 
Quantity and style optional. Neutral, 
center detent, lever control shown with 
auxiliary command transformer—tLVDT — *‘B" 





For flanking rudder applications, a second system is used 


OPERATION: LVDT units (A, B, C, D) are actually coils with 
a core or slug moved axially in the coil airgap. When core is at 
central position there is a “null” signal. Maximum signal is 
emitted at maximum limits of travel —either “in” or “out.” 
Movement of wheel or steering lever displaces core of command 
LVDT (A or B), producing a signal that is compared in tran 


SOLUTION: Above schematic symbolizes an Oilgear Fluid 
Powered, electrically controlled, marine steering system utiliz- 
ing the newest electric-hydraulic developments. Actual installa- 
tions using this new Oilgear “electro-feedback-hydraulic-servo- 


control system” have exceeded ALL of the customer’s original 
engineering objectives... proof of Oilgear’s cooperation and 
teamwork to help solve design engineer’s problems. Oilgear 
Heavy-Duty “Power-Paks” are complete, ready-to-install power 
units in sizes and types to meet every marine need. No 
auxiliary valves, pumps, controls, reservoirs, or “plumbing” 
are required. Oilgear ‘“‘Custom-Quality” single and double-act- 
ing cylinders can furnish the “muscle” to control any type 
vessel. Oilgear ServoControl Division’s rugged, compact tran- 
sistor-servo-amplifier and control system is further proof of 
Oilgear progressive, pioneering, engineering service. Connec- 
tions between the amplifier and signal generators can be made 
by any competent electrician. 

In every industry, manufacturers and users recognize and 
trust the name “Oilgear” for dependable, lowest-cost-per-year 
operation. 


For similar practical solutions to YOUR linear or rotary 
Controlled-Motion problems, call the factory-trained Oilgear 
Application-Engineer in your vicinity. Or write, stating your 
specific requirements, directly to... 


THE OILGEAR COMPANY 


Application-Engineered Controlled Motion Systems 


1587 WEST PIERCE STREET © MILWAUKEE 4, WISCONSIN 


sistor amplifier (T) with the signal from rudder stock coupled 
LVDT (D). Resulting difference between these two signals is 
called the “error” signal — built up to usable current strength 
by amplifier (T). Amplified signal is applied to an AC torque 
motor on Oilgear Two-way, Variable Displacement Pump (PV) 
imparting movement in amount and direction as ordered to a 
hydraulic servo valve — stroking pump (PV) to supply ordered 
direction and volume to rudder actuating cylinders (X, Y). As 
rudder moves, coupled LVDT (D) is displaced to reduce error 
signal to zero—at which point the cycle is complete. During 
this cycle, pump LVDT (C) has also been sending its signal 
to the amplifier for comparison, insuring that pump output is 
always under error signal control. Rapid motion of the com 
mand wheel or lever generates a large error signal, resulting in 
full rudder speed. Similarly, a slow command movement re 
sults in a slow rudder speed 


RIGHT: Oilgear Size 3, 
Heavy-Duty ‘‘Power- 
Pak” with Two-way, 
Variable Displacement 
Pump, motor, reservoir 
and _ controls ¥: 
shipped,” ready 
installation with 
“electro-feedback” sys 
tem described above 
This unit is 

use on a new 

55’ x 5’ draft 

boat of 483-ton dis 
placement 

Similar Oilgear Svys- 
tems are being used to 
control motion in all 
industry 





POSITIVE CONTROL OF MATERIALS IN MOTION 


STEAM 
LOW COST AIR, GAS METER 


Self-Operated! Self-Contained! 
# 


SUILDERS 


FOR ACCURATE ACCOUNTING of steam, 
air or gas usage by process, department or 
building. Meters are available in ]” to 24” 
line sizes, are as easily installed as a valve 
or fitting, require minimum space, and pro- 
vide extra safety through magnetic drive 
coupling. Shuntflo makes cost distribution 
and billing more accurate. 


FOR AUTOMATIC PROPORTIONAL 
PACING of liquid proportioning pumps 
and/or dry chemical feeders. For pacing, 
Shuntflo utilizes electric impulse meter 
signals which are directly proportional to 
flow. Signals can be used directly or through 


timers when time duration signals are re- 


quired .. . for digital read-out systems, 
remote counters, recorders or demand 


meters. 


FOR BUYING OR SELLING STEAM, con- 
tinuous and automatic pressure compensa- 
tion prevents unintentional steam give-away 

. even in installations subject to wide pres- 
sure fluctuations. Shuntflo offers high accu- 
racy...to within +2% of actual rate of 
flow over specified range. Open upper limit 
allows temporary overloads up to 150% 
without affecting accuracy. 


a Save air, gas, steam! Save $ $ ! ! Write for new 16-page Shuntflo 
| Bulletin . . . to Builders-Providence, Inc. 528 - Harris Ave., Providence 
| Please send me the POSITIVE FLOW 1, R. L., manufacturers of precision instruments and equipment for the 
' CONTROL bulletins checked below: positive control of materials in motion. 

! 

| 


Shuntfio Bulletin (400-J10A) . . . for metering air, gas, steam 
’ Name... 
Propelofio Bulletin (380-K4B) . . . for metering water 


Conveyoflo Bulletin (550-P5) . . . for weighing belt-conveyed Company 
materials 


Chronoflo Bulletin (230-H4B) . . . for telemetering and control Address 


Hi-P, Hi-T Flow Nozzle Bulletin (115-4) . . for high pressure, City ; iH ee Sah State 
high temperature metering 
Dall Flow Tube (DFT-PI) 
Bulletin (125-P3) . . . for low cost, 





en @BUILDERS- PROVIDENCE 
B--F INDUSTRIES Qe: 
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SPECIFY 


FLOW METERING ELEMENTS 
FOR CORROSIVE FLUIDS 


Builders Model DFT-PI Dall Flow 
Tube . . . insert- 
type, plastic pri- 
mary metering 
element. Low 
cost, accurate. 
Suitable for most 
applications, es- 
pecially corrosive 
fluids. Bulletin 
115-R1. 


FOR HIGH PRESSURES & TEMPERATURES 


é 


Builders X-TRA-HI Flow Meters .. . 
for high temperature, high pressure 
applications . . . proven in primary 
loop of every major atomic reactor in 
America. Bulletin 130-E2A. 





REMOTE METERING/CONTROL 


Builders CHRONO- 
FLO® Telemeter . . . 
sends data on remote 
flows, pressures, 
temperatures, tank 
levels, etc. Remotely 
controls pumps, 
valves. Bulletin 230- 
H4B. 





LIQUID METERING 


Builders PROPELOFLO® Meter .. . 
direct-reading, propeller-type liquid 
meter... 2” to 20” lines . . . within 
+2% of actual flow over specified 
range . . . capacities ranging from 15 
to 5,800 GPM. Bulletin 380-K4B. 








DRY MATERIALS METERING 


Builders CONVEYO- 
FLO® Meter . . . total- 
izes belt-conveyed 
materials —- accuracy 
+0.5 of 1% of full 
scale load over 10:1 
range. Pneumatic 
force-balance system 
continuous integration 
—overload protection 
— explosion-proof. 
Bulletin 550-PS5. 


MAEL 
ome SR aed, | 
TODAY! 





NEW PRODUCTS 


oil pipelines, and chemical processing 
vessels. The instruments are insensi- 
tive to vibration and acceleration, and 
operate in temperatures of from minus 
100 to plus 300 deg F with very little 
thermal shift. Pressure ranges of 25 to 
300 psi are standard.—Gulton Indus- 
tries, Inc., Metuchen, N. J. 


Circle No. 12 on reply card 


CONTROLLERS, 
SWITCHES & RELAYS 


SHOCK RESISTANT 


Design changes in the new Series PW 
miniature-tube relay have effected a 
30 percent increase in shock and vibra- 
tion resistance, and a 50 percent drop 
in power consumption. The unit op- 
erates on 40 milliwatts under shocks 
of 30 g’s and vibrations of 10 g’s to 
500 cps. It will handle currents to 6 
amps and voltages to 115 vde.—Potter 
& Brumfield, Inc., Princeton, Ind 


Circle No. 13 on reply card 


NEW PRESSURE SWITCH 


Primarily intended for direct control 
of pressure in an air pump motor cit 
cuit, this new switch can also operate 
low-pressure warning lights, interlock 
controls, etc. Actually a spdt switch, 


it controls under increasing or de- 
creasing pressures and will operate in 
either dc or single-phase ac circuits 
with a current load of 10 amps resis- 
tive. The unit will perform without 
chatter over the full operating pres- 
sure range, at any applied vibration 
from 10 to 500 cps and 10-g accelera- 
tion.—Lear, Inc., Elyria, O. 
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PRESSURE CONTROL 


Shown is one model of the Type H95 
explosion-proof pressure controller de- 
signed for operation in hazardous loca- 
tions. An external adjustment knob 
and calibrated dial permit rapid 
changes in pressure settings. Models 
are available with adjustable ranges 
between the overall limits of 0 and 
500 psi. Maximum design pressure is 
600 psi. Switch differentials range 
from 1.5 in. Hg to 7 psi; units can be 
supplied with any one of three stand- 
ard types of snap action switches.— 
United Electric Controls Co., Water- 
town, Mass 
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CONTROLS THREE PHASES 
The Model D33 three 


thermostat is availa 
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a new advance in control systems 


“digitrol’’ 


“DIGITROL” Building Blocks provide an answer 
to the urgent need for control system engineering, with the 


emphasis on cost saving benefits. Now control 
systems and special purpose computers of analog, digital, 
or combination analog-digital nature can be assembled quickly, 
easily and simply . . . giving reliable accurate proven 
performance. Unique plug-in modular design 
of standardized components reduces valuable 
engineering time, lowers cost and simplifies maintenance. 
“Digitrol’’ components include servos, operational amplifiers, 
counters, gates, digitizers, and associated 
equipment available as components or in integrated 


systems tailored to meet specific requirements. 


Write Electro Precision Corporation, Box 669, 

Arkadelphia, Arkansas for your brochure giving 

detailed explanation of the latest word in control 

systems, ‘‘Digitrol’’. Or for immediate action, 

om send problem details and request a complete sys- 
tem quotation. 


dihaient arcs recision 


CORPORATION 


ARKADELPHIA, ARKANSAS 
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ature ranges and has an electrical rat 
ing of 20 amp at 250 vac. The unit 
is designed to control three heating 
phases, one of which is on continu- 
ously when the dial is moved from the 
“off” position. The other phases are 
controlled thermostatically, and cycle 
automatically with changes in tem 
perature. Features include silver con 
tacts and bridges, and hardened steel 
levers and supports.—Thermostat Div. 
of Robertshaw-Fulton Controls Co., 
Youngwood, Pa. 
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TWIN-CONTACTS 

A new line of ac-de choppers featuring 
a novel twin-contact arrangement were 
exhibited last month at the IRE 
show. Two independently adjustable, 
parallel-connected contacts are used. 
for a total of four spdt and eight dpdt 
arrangements. Use of a Mu-meta! 
case virtually eliminates electrical 
noise and thermal emf’s. Case meas 
ures 14 in. by 1 in. by 248 in. Eleven 
different models, spdt or dpdt, are 
available for operation on 50, 60, 94, 
or 120 cycles.—Stevens-Arnold, Inc., 
South Boston, Mass. 
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POWER SUPPLIES 


ELECTRONIC LOAD 


[he Model 910B Power Supply Vari- 
able Load is a vacuum tube load that 
operates in the range of 0 to 600 volts 
and 0 to 600 ma. Load is varied by 
varying the grid bias in the tubes. For 
any particular setting of load current, 
the grids of the tube load are con- 








Simplify complex checkouts opp 
MONITOR 100 CHANNELS OF INFORMATION—S/MULTANEOUSLY 


Unique and compact, the new Brush Event 
Recorder greatly minimizes the amount of time, 
space and equipment needed to perform complex 
checkouts on critical systems and processes. 

On a moving chart only 12’’ wide with a 
length of 500 feet, as many as 100 channels of 
sequential or operational information may be 
recorded simultaneously — indicating any number 
of events pertaining to electrical or physical 
phenomena. 

The make-break of a relay, for example, can 
show as a break in a continuous trace or as a new 
trace; and the event itself is shown in a time 


relationship to all other events. Thus, you have 
an immediate picture of an entire situation at 
any time. Electric writing styli record in less than 
one millisecond after receiving a signal han- 
dle up to 500 signal changes per second! Sixteen 
electrically controlled chart speeds may be select- 
ed from remote or on-the-spot locations. 
Purposely designed to easily adapt to military 
specs, the new Brush Event Recorder is an ideal 
checkout instrument for use with industrial as 
well as defense equipment. Send for detailed 
literature, or ask for application assistance from 
your Brush factory branch or representative. 


—___Bbrush INSTRUMENTS 


3405 PERKINS AVENUE 


CLEVELAND 14, OHIO 
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MODEL 3 


THE MOSELEY 


AUTOGRAF 


trade mark 
X-Y-@ RECORDER 


Hundreds of users of the Moseley AUTOGRAF, already familiar with the many 
advantages of this graphic recording instrument, will be pleased with the devel- 
opment of a new concept in versatility, the X-Y-@ Recorder. The AUTOGRAF 
X-Y-@ Recorder continues to offer the rugged construction, high accuracy, and 
stability of a laboratory instrument with the added feature of a built-in time base 
or sweep circuit. Without external attachments, the AUTOGRAF X-Y-@ Recorder 
will plot versus time any mechanical or physical function which can be reduced 
to electrical form. Available at finger-tip control are five calibrated time intervals 
from 5 seconds to 500 seconds for full scale X-axis pen travel. When the time 
base is not used, regular two-variable plotting may be accomplished as desired. 
Contact your regional representative or write for full information on this remark- 
able new instrument. Available in all models, bench or rack mounting. 


Model 20 DC Voltmeter A servo- 
actuated electronic voltmeter with 
large, easy to read linear scale 
Ranges from 3 millivolts to 300 
volts. Available with digital output. 


Model 60 Logarithmic Converter 
60 db dynamic range; AC or DC; 
20-20,000 cps; with AUTOGRAF and 
appropriate signal generator auto- 
matically plots gain-frequency 
characteristics. 


r. L. MOSELEY CO. 


FAIR OAKS AVENUE, PASADENA, CALIFORNIA 
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trolled by an amplifier that maintains 
a constant current from the power 
supply over the entire voltage range.— 
Kepco Laboratories, Inc., Flushing, 
N. Y. 
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PORTABLE POWER 


Designed for lab work or as a quick 
source of de power, this portable unit 
maintains precise voltage control dur- 
ing large transient or steady state 
variations in load current or line volt- 
age. It supplies up to 4 amp at 28 vde 
and operates from a 105-to-125-volt, 
400-cycle source.—Magnetic Controls 
Co., Minneapolis, Minn. 
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POWERS TRANSISTORS 


The DV60-2 Transistor Power Supply 
shown above features ripple attenua- 
tion down to a maximum of 0.05 per- 
cent at full rated output. This com- 
pact, precision-made unit, designed 
for developmental and experimental 
transistor work, delivers 0 to 60 vdc 
at currents up to 1,000 ma, and, 








ASWUG close differential relays respond crisply 
to 2% voltage or current variations... 
with no chattering on pickup or dropout. 





ASCO Close Differential Relays (available either A-C or D-C) 
have been developed to meet the demand for a unit having the 
ruggedness of a power relay yet retaining the sensitivity of a 
primary control relay. 


FEATURES 
@ Positive action on make or break, with no tendency to creep 
Voltage Type Close Differential Relay protects on opening or closing @ 2% Sensitivity ¢ Wide Variety of Appli- 
electrical equip gainst low voltage or cations @ Available in Various Pole Combinations Up To 2 Nor- 
over-voltage conditions. mally Open and 2 Normally Closed Poles @ Continuously 
Adjustable Pickup, or Variable Pickup By Tap Changing is Avail- 
able e Continuous Dropout Adjustment is Standard. 





MODIFIED ARRANGEMENTS 
@ High Shock Design @ Variable Pickup @ Frequency Response 
@ Delayed Action @ D-C Relays Also Available. 


Close Differential Relay designed to withstand 
NAVY Hi-shock requirements. Has tapped trans- 
former making the relay suitable for a series APPLICATIONS 

of different pickup and dropout voltages. As Voltage Relays they are extensively used in power and 


lighting systems to protect electrical equipment against low 
voltage or over-voltage conditions. For example . . . they permit 
detection where motor feedback conditions would not permit 
detection by ordinary potential relays. These relays are reg- 
ularly furnished with ASCO Transfer Switches to provide 
voltage supervision of single phase and polyphase systems. 


As Current Relays they have found extensive application as 
off-peak load relays to automatically disconnect selected loads, 
Current type Close Differential Relay Panel for preventing system loading beyond set values. Close differential 


process control. (Relay operates as @ function detection makes ASCO Close Differential Relays ideal for 
of motor load current.) Has adjustable pickup 
and dropout control. Panel has been used suc- process control by motor current measurements. 


cessfully for controlling cotton baling equipment. 








Close Differential Relays are only part @ SPECIALIZED RELAYS, INCLUDING: 
of the complete line of Relays offered ... Reverse Current 
by ASCO. ASCO Catalog 57-S4 lists: ... Time Delay 


® MAGNETICALLY HELD RELAYS - Brake Winding Time Delay 


AC or DC ... Normally Open. . . . .. Close Differential 

Normally Closed... Double Throw ... Current Type, Welding 
@ MECHANICALLY HELD RELAYS .. Electronic DESIGN ENGINEERING SHOW 

AC or DC... All pole combinations ... Modified Arrangements BOOTHS 481, 483 AND 485 


VISIT US AT THE 


Write for your copy of “Relays by ASCO’’— Catalog 57-S4, 


Automatic Switch Co. 


50-G Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 
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DIEHL 


SERVOPOT 


»»-SOlves your servo packaging problems! 


The DIEHL SERVOPOT is an integral combination of a 
two-phase instrument servomotor, gear reduction, slip clutch, 
and precision potentiometer. 

Conceived with the idea of offering precision servo perform- 
ance in a modular construction, the SERVOPOT eliminates the 
present burden of mounting, testing and aligning separate units. 

The SERVOPOT finds wide application in balancing, posi- 
tioning and computing servos. Addition of an integrally-mounted 
DIEHL 0.5% A.C. tachometer makes the SERVOPOT a com- 
plete integrating servo. 

The built-in slip clutch is factory adjusted to permit servo 
operation into potentiometer stops without damage. Standard 
pots featuring 0.5% linearity can be obtained in a wide range of 
resistances. Single, multi-turn, and non-linear models are available. 


Consult DIEHL for further information, including integral 
mountings for resolvers and variacs. 


DIEHL MANUFACTURING COMPANY 


Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 
Other available components: 
A.C. SERVOMOTORS * A.C. SERVOMOTORS WITH A.C. TACHOMETERS 
A.C. SERVOMOTORS WITH D.C. TACHOMETERS + A.C. AND D.C. TACHOMETERS 
D.C. SERVO SETS * RESOLVERS 
* A Trademark of DIEHL MANUFACTURING COMPANY 
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according to the manufacturer, elimi 
nates the erratic operation usually as- 
sociated with conventional high-volt 
age vacuum-tube types. Conservatively 
rated and ac-line operated, the 
DV60-2 has no moving parts. Its cir- 
cuitry includes a continuously variable 
autotransformer, a full-wave selinium 
bridge rectifier, and a_ two-section 
choke input filter—Model Rectifier 
Corp., Brooklyn, N. Y. 
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LOW-NOISE SUPPLIES 


All nine models of these units are 
suitable for strain gage bridges and 
other applications requiring a low- 
noise ungrounded power supply. They 
operate on a 117-volt, 60-cycle input 
with output voltages ranging from 10 
to 50 volts in 5-volt steps. Output 
current ratings range from 150 ma dec 
at 10 volts to 40 ma de at 50 volts 
Dimensions are 14 by 2+ by 5% in 
and weight is approximately 1 Ib. Out 
put ripple is 0.01 percent; hum and 
noise are less than 15 microvolts per 
1,000 ohms impedance to ground 
Eleor, Inc., McLean, Va. 
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ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


FEATURES NEW SEAL 

The new SV-4900 multipurpose sol 
enoid valves, two-way, normally-closed 
units, feature a unique plunger seal 
design that assures bubble-tight seal- 
ing. ‘They have a stainless-steel inter 
nal construction and a brass body, 
will operate in any position, and are 
easy to disassemble and clean. A «&- 
in. orifice is rated for 130 psi; a ¥b-in. 





as 


4 


siikuetmanin. 


First test firing of the ATLAS ICBM at 
Cape Canaveral, Florida, June 11, 1957. 


Honeywell Rate Gyro 
Type JRT 
Shown ‘vy size 


Flight Control 
for the ultimate weapon 


Three Honeywell Rate Gyros, Type JRT, provide missiles with precise 
three-axis directional stability and are currently being supplied to the 
ATLAS missile program. 

The Type JRT is a highly accurate precision instrument for measure- 
ment of absolute rates of rotation in inertial space. Viscous damping is 
electro-mechanically controlled to maintain a constant damping ratio 
over the entire operating temperature range of — 65°F. to +175°F. 


This new Honeywell Rate Gyro is designed expressly for flight control 
of missiles and flight instrumentation in missiles and aircraft where 
severe ambient conditions prevail . . . and at the same time where low 
threshold, minimum hysteresis, excellent linearity, high natural frequency 
and ruggedness are essential. 

Honeywell inertial components and engineering experience are avail- 
able to assist in the solution of your Gyro system problems. Write for 
Bulletin JRT . . . Minneapolis-Honeywell, Boston Division, Dept. 34, 
40 Life Street, Boston 35, Mass. 


Honeywell 





DESCRIPTIVE DATA 


EXCELLENT LINEARITY: 0.25 % of full scale 
LOW HYSTERESIS: Less than 0.1 % of full scale 
LOW THRESHOLD: Less than 0.01 degree/second 


MICROSYN PICKOFF: Variable reluctance type pro- 
viding infinite resolution and high signal-to-noise 
ratio. 


FULL SCALE RATE: Up to 1000 degree/second 
FULL SCALE OUTPUT: Up to 12 volts 

RUGGED: Withstands 100 G shock. 
VIBRATION: Withstands 15 G to 2000 cps. 
SIZE: 2%," diameter 4%," long. 

WEIGHT: 2 Ibs. 
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WE ADVISED PURCHASING TO 
SPECIFY TECHNICAL CHARTS FOR ALL OUR Seat ered ae wih eee, ox 


steam, inert gases, and many semi- 
corrosive media, are ed at $6.50, 
RECORDING INSTRUMENTS ! aa ‘a prise veh So mmedlisie de- 
=; | livery. — Valcor Engineering Corp., 

Kenilworth, N. J. 
Circle No. 22 on reply card 








ZERO LEAKAGE 
A new line of large-capacity — ball 
valves features zero leakage and zero- 
pressure drop. Pictured is a 16-in. 
model for use in a 24-in. liquid oxygen 
line. Its actuator operates on 120 psig 
. 2 . nitrogen gas or air. Other bore sizes, 
Fast, economical service Ce 7 from 2 in. to 24 in., are available. 
“a bie Bubble-tight performance is claimed, 
for precision charts ] ae . even at pressures as high as 500 psi.— 
SS vf - The Vickery Co., Los Angeles, Calif. 


— i ; | 
Technical eliminates the problem ae Se SE Oh Ong ae 


of purchasing circular and strip 
charts from many different sources 
... Offers you one source for over 
12,000 different sizes and ‘‘makes”’ 
of charts. You get quicker service, 
lower costs, other advantages made 
possible by specialization. 


Over 3,000 firms use Technical Charts ! . 

LINEAR FORCE MOTOR 
Both large and small firms.from coast - A moving coil device, the Dynastroke 
to coast use Technical’s specialized : ‘ Linear Force Motor, features strokes 
service. Many arrange for periodic : to 0.10 in. and force outputs to 2 Ib. 


. . \ Standard coil resistances range from 
shipments of annual requirements. . “ 5 

P q SE pth 200 to 4,000 ohms, with resonant fre- 

quencies from 10 to 100 cps. Rugged 

construction and frictionless spring 


suspensions assure permanent accu- 
racies within 0.1 percent. Less than 
4 AL SA L F S C 0 R P 0 RAT | 0 N 2 in. long and 1% in. in diam, the 
unit operates over a wide temperature 


16599 Meyers Road Detroit 35, Michigan | range. Typical applications include 


National Representatives for force balances, pressure measurements, 
and valve actuators.—Mandrel Indus- 
R"& BAKER INC & fase Near aemini@ms | trics Inc., Houston, Tex. 


alo, N : 
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When You Need ' 


Conttol 
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ONTACT ~~ 
CON - 11Sv “CY 
a 


You Need 


Adlake 


woncurs| “ly dour relays 


List what you like and don’t like in a switch, 
then see how Adlake meets your need: 


e Immune to vibration 
e Perfect snap-action—no burning, pitting or sticking 


e No intrusion of dust, dirt or moisture—hermetically sealed 
at the factory 


e Time delay characteristics fixed and non-adjustable 

e Quiet. Chatterless. Require no maintenance whatever. 

Our engineers will gladly help you with your control problems. 
No obligation. Just write the original and largest maker of 
plunger-type relays—THE ApAmMs & WESTLAKE COMPANY, 
1181 N. Michigan, Elkhart, Ind. -« New York + Chicago 











DE-ENERGIZED 
Plunger P is floating in mercury M. 
External circuit is open becouse main 
body of mercury M is below lip of 
ceramic cup CC 








ENERGIZED 

Coil C pulls plunger P down into 
mercury M. Mercury thus disploced 
completely covers ceramic cup CC 
filled with mercury. This establishes 
mercury-to-mercury contact between 
electrodes E and EE. 
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new cox 


frequency converter RESEARCH, TEST 
& DEVELOPMENT 


RECORDING BALANCE 


Completely new, this automatic ana 
lytical balance recorder shows instan- 
taneous weight and _rate-of-weight 
change. Probable applications include 
thermogravimetric analysis, and in- 
vestigation of evaporation, absorption, 
corrosion, oxidation, decomposition, 
and other reactions in which weight- 
vs.-time or weight-vs.-temperature is a 
significant factor. Capacity is 200 
ever growing list of precision instruments designed grams. An 11-in. strip chart represents 
and buile for electronic data handling by the Cox a weight change of 110 mg. Accuracy 
and readability are within plus or 
minus 1/10 mg.—Wm. Ainsworth & 
Sons, Inc., Denver, Colo. 


The new Cox Frequency-to-Analog Converter joins the 


Instruments Division — pioneers in precision flow 
measuring equipment. 


The Type 2 Converter was originally developed for Circle No. 25 on reply card 
use with the Cox Turbine Flow Measuring System, but 
is now being widely used in many other applications 
for extremely linear conversions in telemetering, com- 
puters and other transducer-recorder systems. Its high 
sensitivity, excellent stability and fast transient response, 


combined with low cost, make it an outstanding converter 





for all around use. 


A new technical bulletin describing the Type 2 Fre- 
quency Converter is available upon request. Write to 
Cox Instruments Division, George L. Nankervis Com- 
pany, 15200 Fullerton Avenue, Detroit 27, Michigan. 


MISSILE CG LOCATER 
Heart of the new Mark V Weight 
and CG Locater is a high-accuracy, 
wate tos =e coegphe ga selon high-resolution electromechanical force 
Stability | .1 per cent \ beam, originally developed for meas- 
Transient Response | 1 millisecond uring forces on wind-tunnel models. 
Price | $300 f.0.b. Detroit Designed for production testing of 
missiles, the locater is 8 ft long, has a 
capacity of 1,100 Ib, and provides 
- digital display of total weight and dif- 
—_ 7 ’ 4 ferential. Guaranteed accuracy of total 
c Ae. eee oe t rumen t Ss weight is within 0.15 Ib; location of 
. vin cg, within 0.01 in. Accessory equip- 
Precision Instruments Since 1912 GLN-258 ment can be provided for applications 
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analog computor with a NEW TWIST 


Just twist the knob... 
decade settings simplify 
precise parameter programming 


In the all-new Philbrick Model KS-U Universal Linear Oper- 
ator, decade settings replace the usual computing potentiometers 
to simplify precise parameter programming. Easy to interconnect 
and use, Model K5-U embodies a variety of operations in one 
compact, chopper-stabilized unit. This fundamental building 
block of a general purpose analog computing system permits 
the analog computor user to extend his design and analysis 
facilities at reasonable cost. 


The Model KS-U accepts up to four voltages and multiplies 
each by a constant, settable by decade switches to any positive 
or negative value between 0 and 11.10 in increments of 0.01. 
These weighted inputs are added together and the sum is then 
operated on in one of two general ways. 


1. The sum may be multiplied by 0, 1, 10, 100 or 1000 and 
then have added to it a positive or negative index voltage, 
adjustable from 0 to 50.0 volts in steps of 0.1 volt. 


The sum may be integrated using any of a wide range of 
available speeds, viz., 1, 10, 100 or 1000 radians per 
second. The output voltage may be held at any time, or 
it may be reset to an initial value which is determined by 
the index voltage decade setting. The SET-RUN-HOLD 
modes may be controlled either remotely or manually on 
the front panel. 





> ¢ BLOCK 
DIAGRAM 





we=e,+10"p~ r ae 














Write to George A. Philbrick Researches, Inc., 230 Congress 
St., Boston 10, Mass., for the name of the PHILBRICK: rep- 
resentative in your area and Technical Bulletin CE1 


GEORGE A. 


PHILBRICK 


RESEARCHES, INC. 


230 Congress Street, Boston 10, Massachusetts 








Easy to read three-digit decade settings 
— precise adjustment of parameters now pos- 


sible even during computation 


“Pot-setting'’ is outmoded — time-consuming 


calibration voltage measurements are eliminated. 


Extravagant servo-setting is surpassed — 
simply “read it on the dials'’ to three figures. 


Additional inverting amplifiers are unnec- 
essary — individual inputs may be added, 
subtracted, or removed by the flick of a switch. 


Choose your time scale — continuous real- 
time computing, high-speed repetitive operation, 
and ‘“‘single-shot"’ solutions are ali inherent 


Versatile linear building block — Summing 
Amplifier, Integrating Amplifier, inverting Am- 
plifier, Initial Conditions, Set-Run-Hold Relays 
ere all available at your fingertips. 


Mounting — occupies 7 vertically in standard 


relay rack or enclosure 








Model K5-U_ re 
tains the conven- 
ience, economy 
and versatility of 


modular assembly. 
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‘4 | requiring lateral cg and/or cg location 


GUARDIAN 
FEATURES THE NEW 
Series 


1210 Relay 


IN 
UNIQUE 


PLASTIC 
CASE 











Series 1210 with Dust-Tight Case 


This popular small-size medium power relay in its new type special plastic 
enclosure provides dust-free efficient operation for a variety of applications. 
Resists temperatures up to 200° F., is unaffected by weather. Case is trans- 
parent and possesses high impact strength. Relay is available enclosed with 
8-pin octal plug for D.P.D.T., and 11-pin octal plug for 3 P.D.T. Contacts are 
rated at 8 amperes, 60 cycles, 115 volts non-inductive load. Size: 275,.” x 
134” x 13%”. Arrange for a production sample. 

















Series 1200 Relay 1200/1200 Interlock 


A small size highly efficient 
medium power relay rated at 8 
amperes, 60 cycles, 115 volts 
non-inductive load. Heavy sol- 
der lug type terminals are 
molded in phenolic block with 
barriers for over-surface insu- 
lation. Built to meet U/L speci- 
fications. Size: 154"x1"x1 4”. 


Used to maintain circuits con- 
tinuously without coil power 
consumption. Unit is electri- 
cally pulse operated with 
mechanical hold and electrical 
release. Contacts rated at 8 
amperes, 60 cycles, 115 vo ™ 
non- inductive load. Size: 27 
1',"x13 


Guardian 
Impulse Ratchet 


Guardian 
Power Relay 


Guardian Powerloid Write for details Guardian M.E.R. Stepper 


IN STOCK at Your Nearby Guardian Franchised Industrial Distributor 


GUARDIAN 1G] ELECTRIC 


MANWUTFACG IT URI N:G COMPAN Y 
1623-D W. WALNUT STREET, CHICAGO 12, ILLINOIS 
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with respect to thrust axis.—Dyna- 
metrics Corp., Burlington, Mass. 
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LOW-COST INDICATOR 


[his low-cost, direct-reading tempera- 
ture indicator, Model TB102, is de- 
signed for measuring temperatures in 
hard-to-get-at locations, e.g., the in- 
terior of large electronic equipment. 
Essentially a precision Wheatstone 
bridge, it uses standard copper resistors 
as sensing elements. Variation in re- 
sistance is an accurate measure of tem- 
perature, which is read directly on the 
balance dial. The TB102 has three 
separate channels and covers a num- 
ber of temperature ranges to suit 
specific requirements.—Dynamic De- 
velopment Co., Westbury, N. Y. 
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COMPONENT 


SERVO PREAMP 


Mounted on a printed circuit chassis 
measuring 4.5 in. by 6 in., the Model 
DLA-10 servo preamplifier provides an 
adjustable voltage gain up to 10,000, 
including rate network losses. With 





HE} MICRO SWIT C Hi Precision Switches 


205LS1 











This NEW MICRO SWITCH 
“Plug-in Limit’ Switch 


cuts downtime 


The new MICRO SWITCH “‘Plug-in Limit”’ 
Switch plugs in like a radio tube and can 
be replaced in seconds. 


It offers all the features of rugged con- 
struction and precision long-life opera- 
tion, so necessary in a limit switch. The 
assembly of the terminal block and 
switching unit comprise a complete 
switch thoroughly sealed against cut- 
ting oils, chips, dirt and dust. The “‘200Ls”’ 
series switches meet NEMA standards. 


The switch enclosure, including all mov- 
ing mechanical and electrical parts, is 
plugged into the terminal block, precisely 
positioned by means of dowel pins. Under 
normal conditions the terminal enclosure 
need never be removed from the machine. 
18PA1 Terminal Enclosure — This en- 
closure is common to all actuator assem- 
blies in the ‘‘200LS”’ series. Can be 
mounted from front, back or either side. 
All switch enclosures illustrated above 


The two-word name “‘MICRO SWITCH’’ is 
NoT a generic term. It is the name of 

a division of Minneapolis-Honeywell 
Regulator Company. 


to 20 seconds 


fit this terminal enclosure. Two No. 10 
captive screws secure the two enclosures 
together. 


208LS1 Coil Spring Actuator — flexible 
spring actuator for multi-direction oper- 
ating motion. 


205LS!1 Roller Plunger Actuator — ad- 
justable at 90° angles. 


202LS1 Push Piunger Actuator —for 
in-line actuating motion. 

201LS10 Rod Actuator— provides light 
actuating force. See adjustability details 
under 201Ls1 below. 


2O01LS!1 Rolier Arm Actuator— field ad- 
justable for actuation in either clockwise 
or counter-clockwise, or in both direc- 
tions. Arm is adjustable through 360° 
Actuating head can be faced in any 
of four directions. 

For details of the ‘‘200Ls”’ 
for Bulletin No. 20. 


series, send 


MICRO SWITCH 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 
FREEPORT, 


In Canada, Leaside, Toronto 17, Ontario * 


ILLINOIS 


| 


= Hi 


Fiut w Precision Suthling 
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the proper output stage and actuator, 
the unit has less than 0.02 percent 
servo nulling error. It is part of a 
complete line of modular, plug-in, 
analog and digital control system com- 
ponents.—Electro Precision Corp., 


Arkadelphia, Ark. 
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MINIATURE 


TIMERS 


of Field-Proved 





TORRINGTON 


ye ‘e Je1-11/16" +1 LOW-NOISE CHOPPER 

‘ Well-suited for use in chopper stabil- 
ized de amplifiers, where thermal sta- 
bility and low noise are important, this 
miniature chopper completely shields 
the coil from the contact assembly. 
Modular construction permits coil in- 
terchange to optimize thermal dissipa- 
tion and minimize power drive at pre 
selected frequencies between 0 and 
700 cps. Nominal thermal stability is 


_ 


ELAPSED TIME 


INDICATOR _ TIMING MOTOR 


Be 
FOR 115 VOLT, 400 CYCLE OPERATION 


First to develop a truly miniature elapsed time indicator, 
HAYDON at Torrington now offers this varied line of min- 


HEADQUARTERS FOR 


iature, hermetically sealed, timing devices . . 
and proved in the field in missile guidance and jet aircraft 
applications. 

Basis of all these miniature devices is the Haydon 400 cps 
Synchronous Timing Motor ... the inherently accurate 
approach to instrumentation in military equipment. Sealed- 
in-steel case eliminates stray magnetic fields. Elapsed Time 
Indicators are available in the direct-reading type illustrated 
and also in dial type. Newest additions to the line are the 
miniature Time Delay Timer and the miniature Repeat 
Cycle Timer available with 1 to 4 switches. Weight is approx. 
7 ounces. 

OTHER HAYDON TIMERS FOR MILITARY APPLICATIONS .. . 
include: D-C Timing Motors for 6 to 32 volt operation, 60 
Cycle A-C Motors in a very wide range of speeds, Heavy 
Duty 400 Cycle Timing Motors, and Elapsed Time Indica- 
tors for 60 cycle operation. 

GET COMPLETE INFORMATION NOW... 

Consult the Haydon Field Engineer in your area or, if you 
prefer, write to us direct, outlining your requirements. You'll 
find that Haydon has the experience, know-how and facilities 
to solve all your timing problems. 


* TRADEMARK REG. U.S. PATENT OFFICE 


Meee FZTAYDON 





Division of General Time Corporation 


2328 East Elm St., Torrington, Conn. 


TIMING 
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ane” tate within 2 microvolts.—The Bristol Co.. 


Waterbury, Conn. 
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TWO-SPEED GEARHEAD 
eta , 

Pictured is a precision servomotor 
geathead that changes speed ratios 
whenever dc voltage is applied to, or 
removed from, an actuating solenoid. 
Designed for integration with sizes 11, 
14, or 18 motors, it requires only 0.008 
oz-in. of starting torque and will oper- 
ate with 12 oz-in. of load torque. 





EW KEARFOTT TACHOMETERS: 





KEARFOTT SIZE 11 AND SIZE 15 
INTEGRATING TACHOMETERS 
ACTUAL SIZE 











».. provide precise integration under all conditions 
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- a 
> 2 
a a 
r m 
> > 
oO , ° 
- 
° ° 
z z 
eo; ° 
= = 
< < 
> > 
w w 
° Q 


1.8 RPM K 100% 
% LINEARITY = ————————-_ : 05 %_ 
3600 RPM 


TEMPERATURE 


Variations of output, due to tempera- 
ture changes, are minimized by Kear- 
fott’s precise unit temperatures control 


FREQUENCY 


Variations due to frequency changes 
are held to .01% per cycle with appro- 
priate loading 


SPEED 


Minimum deviation of output from 
mean value due to speed is character- 


and/or compensation 


Kearfott Tachometers are ideally suited for 
applications in aircraft, missiles, and other 
equipment requiring precise integration. 
They are compact and light in weight. They 
offer excellent environmental resistance due 
to all stainless steel construction. Kearfott’s 
unique design eliminates the need for ther- 
mostatic temperature control. Units avail- 
able to operate under high temperature 
(200°C.), high vibration (500 cps) and 
shock (10 G’s). 





ENGINEERS: 
Challenging opportunities at Kearfott in ad- 
vanced component and systems development. 











KEARFOTT COMPANY, INC., LITTLE FALLS, N. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 


Midwest Office: 23 W. Calendar Ave., La Grange, Illinois. 
South Central Office: 6211 Denton Drive, Dallas, Texas. 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, California. 


istic of these precision tachometer: 








GENERATOR CHARACTERISTICS 
MODEL VOLTS OUTPUT LINEARITY EXCITATION 
PER 1000 RPM TO 3600 RPM AT 400 CPS 
Size 11 R860-25 2.75 0.1% 15V 
Size 11 R862-22 2.75 0.1% 115V 
Size 15 1816-25 2.9 0.05% 115V 


SERVO MOTOR CHARACTERISTICS 
MODEL NO LOAD SPEED STALL TORQUE 
Size 11 R860-25 5500 RPM 
*Size 11 R862-22 4500 RPM 
Size 15 1816-25 4500 RPM 


*Drag Cup Motor—Maoximum starting volicge 








Send for data sheet on Kearfott Tachometers and other 
Kearfott Components and Systems 


earfott 
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COMMAND COMMAND SYNCHRO 


SIGNAL SIGNAL AUTO PILOT 
GENERATOR RECEIVER POSITIONER CONTROL 
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STEPPER 


Accuracy: Within 6 min. of arc 
when driven by either motor. 


Incremental shaft rotation: 2 
degrees. 


This is one of the many applications for the Stepper 
Motor — a device for translating electrical pulses 
into accurate, bi-directional, incremental shaft dis- 
placements. 

The Synchro Positioner uses two Stepping Motors, an Autosyn 
differential, and a built-in pulse generator. One motor positions 
the Autosyn Shaft in coarse increments in either direction, while 
the other motor, using a different gear ratio, positions the same 
shaft in vernier increments in either direction. As the reset com- 
mand signal is of steady-state type, the built-in pulse generator 
permits use of the driving motors for the reset function. 


STEPPER MOTORS corporarion 


Subsidiary of California Eastern Aviation, Inc. 
7442 West Wilson Avenue ¢* Chicago 31, Illinois 
e@ WEST COAST - - - 11879 W. FLORENCE AVE. - - - CULVER CITY, CALIF. 
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Speed ratios in the size 14 unit shown 
here are on the order of 1,800:1 de- 
energized and 36,000:1 energized. 
Primary applications are in position- 
ing computing mechanisms which re- 
quire fast approaches but slower zero- 
ing or synchronizing action.—Bowmar 
Instrument Corp., Fort Wayne, Ind. 
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SAVES POWER 


A new line of reverse-acting electro- 
magnetic clutches and clutch brakes 
differs from conventional types in that 
input and output shafts are coupled 
when the coil is de-energized. Ener- 
gizing the coil uncouples the shafts 
and applies the brake to the output 
shaft if required. In many applica- 
tions, this results in a conservation of 
power. Coupling faces may be sup- 
plied flat or with crown teeth, provid- 
ing a wide range of torque transmis- 
sion. Braking surfaces are flat and 
are rated for a minimum torque of 
8 oz.-in.—Sterling Precision Corp., 
Flushing, N. Y. 
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VERSATILE DIODE 


A new subminiature silicon junction 
diode, 1N658, boasts high conduc- 
tance, fast recovery, high peak inverse 
voltage, low reverse leakage, and a 
broad operating temperature range. 
Designed for computer, communica- 
tions, military, and general circuit re- 
quirements, the new diode will also 
serve in moderate power applications. 
Foward voltage drop is said to be un- 
der 1 volt at 100 ma, with a 0.3-micro- 
sec reverse recovery. Peak inverse volt- 
age is 120 volts, with a reverse leakage 
of 0.05 micro-amps at minus 50 volts 
and 25 deg C, and 25 microamps at 
150 deg C. The unit will handle an 
average rectified current of 200 ma 
and has a power dissipation rating of 
0.2 watts.—Radio Receptor Co., Inc., 
Brooklvn, N. Y. 
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why it pays 


1 STANDARD SUBMINIATURE 


High capacity—over four times 
that of most switches its size. 
Rated at 10 amps at 125 or 250 
volts A.C. or 28 volts D.C. Wide 
range of newly designed actu- 
ators...or can be adapted to 
present actuators and mountings. 
Operating temperature range: 
—80° to +350°F. Terminal 
arrangement permits wiring 
double circuits. 


NEW TYPE Q SUBMINIATURE 





to depend 





CRO 


Compare the ACRO group of Subminiature Switches 
any way you like—cost, performance, size, capacity, 
versatility—you’ll see why more and more design 
engineers are specifying ACRO. 

These five basic types of subminiature switches offer 
many development possibilities for your subminiature 
assemblies... from aircraft applications to vending 
machines. All incorporate the patented rolling spring 
action for which ACRO Switches are internationally 
known and respected. 

ACRO’s modern mass-production techniques and facili- 
ties assure lowest possible unit cost...even when 
variations of basic switches are required to meet your 
specific needs. 


Smallest snap-action switch with 
a 10 amp—115 volt capacity. 
Designed for extra vibration 
resistance and easy installation. 
Adaptable to automation tech- 
niques. Ruggedly built to take 
up to 100,000 operations at 
capacity load. Meets a variety 
of circuit requirements. 


OPEN BLADE SUBMINIATURE 


Use your own housing—even 
include other components if you 
desire—with this unique pre- 
cision switch. Readily adapts to 
return or set type operation. 
Actuator may be insulated or 
extended to meet requirements. 
Many other combinations are 
possible. 


PUSH BUTTON SUBMINIATURE 


Three split contact circuits in 
subminiature size. Only 754)” 
long by °544” wide by 1'%,” high. 
Rated at 10 amps—115 volts 
A.C. This panel mounted, over- 
travel plunger-type actuator 
assembly is believed to be the 
smallest yet made. 


OPEN BLADE MULTI-POLE 

SUBMINIATURE 
Recommended for economical 
and positive control of two cir- 
cuits. Laminations are secured 
by two eyelets which provide 
holes for mounting screws. Avail- 
able in return or set type with 
rear or side terminals 


Subminiature Switches 


Talk over your requirements or possibilities with an 
ACRO engineer . . . or write for engineering data on any 
or all of the five subminiature switches shown here. 


© CONTROLS COMPANY 


ACRO DIVISION Dept. 144, Columbus 16, Ohio 


in Canada: Robertshaw-Fulton Controls (Canada) Lid., Toronto 
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7 Horsepower .. . 
only 7%” high! 


It’s NEW! Variable-speed Model 16AM 


GAST *.: AIR MOTOR 


Here's compact, explosion-proof power! Only 143%” x 8” 
x 7%” — wt. 65 lbs. — yet up to 7 h.p. on 90 Ibs. air 
pressure. Speed variable from 300 to 2,000 r.p.m. with 
simple valve control. Overloads can’t burn it out — stalling 
does no harm. 

Has foot, also tapped holes for flange mounting to your 
machine. Use as original equipment or in plant to drive 
hoists, mixers, pumps, fans, etc. Priced at $200. 


Write for your copy of Bulletin 16AM. 


GAST MANUFACTURING CORP., P.O. Box 117- I. 
Benton Harbor, Michigan 

See Catalog 

in Sweet's 

Design File 


@ AIR MOTORS TO 7 HP. 
ROT @ COMPRESSORS TO 30 P.S.I. 
OTARY @ VACUUM PUMPS TO 28 IN. 
“Air may be your answer!" 





VECO | te BlG name in 


—THERMISTORS - VARISTORS— 


For reliability, stability, dependable delivery and experienced en- 
gineering know-how, consult VECO, the most progressive manu- 
facturer of thermistors and varistors. Through constant research, 
development and precision control, VECO’s products are guaran- 

teed for peak performance and long 














MANUFACTURERS OF 
vVvEcOoO 


Thermistors and varistors 


Compactrol (electronic 
controls) (Pat. Applied for 


Tap-A-Therm (Multi-tapped 
thermistors) (Pat. Applied for 


Gas Analysis and 
chromatography cells 
Combustion Analyzers 
Temperature Sensing Devices 
Constant Temperature Baths 
and Controls 

Descriptive literature cover- 


ing each item available on 
request 


\ 


\ 


\ \ 


-e 





life. At all times, VECO strives to 
improve its product for the benefit 
of its customers. 


NEW TECHNICAL CATALOG AVAILABLE 
8th edition containing pertinent 
data and condensed engineering speci- 
fications covering over 250 VECO 
stock items. 

Send for the interesting, informative series 
entitled, “MEET THE VECO THERMISTOR” 


Victory 


ENGINEERING CORPORATION 


92 Springfield Road, Union, N. J. 
Telephone: MUrdock 8-7150 


NOW AVAILABLE! 
\. VECO Bead Thermistors 
Operative to 196° C 
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NEW PRODUCTS 


PRECISION POTS 


This unique pair of precision poten- 
tiometers has been designed to actu- 
ate a hydraulic servo on a supersonic 
bomber, One consists of a nonlinear 
control transmitter using a 10:1 gear- 
ing system at the shaft input and gen- 
erating a nonlinear curve with a slope 
ratio of 80:1, either side of center. 
The other, a position transmitter, uses 
three parallel linear elements and sup- 
plies a feedback signal proportional 
to position.—Technology Instrument 
Corp. of California, North Hollywood, 
Calif. 
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VARIABLE TRANSFORMER 


Pictured is the first of a new line of 
variable transformers, the Model 
VTIRS. The unit will deliver 1.5 amp 
at any brush setting, even at full over- 
voltage. Features include a_ pigtail 
shunt that carries the current from the 
brush to a large copper graphite slip 
ring; a springlike brush arm that pro- 
vides its own contact pressure; a 
ceramic hub that aligns the brush arm 
and provides 3,000-vac insulation; and 
an internal stop that protects the 
brush and brush arm. The dial itself is 
reversible, permitting direct reading 
of the output voltage for either line 
or overvoltage connection. One side is 
calibrated 0-120 volts, the opposite 
side 0-132 volts —Ohmite Mfg. Co., 
Skokie, Il. 
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A giant “squeeze’’—measured and 


controlled by B-L-H Load Cells 


Despite the tremendous forces unleashed in a rolling 
mill operation, the actual pressure exerted by the 
giant rollers can be measured with high precision by 
built-in B-L-H SR-4" Load Cells. These electronic 
transducers give the operator exact load readings, 
enabling him to roll sheets to just the proper thick- 
ness every time. 


B-L-H transducers will measure any forces involv- 
ing tension, compression, torque, etc. With appro- 
priate instrumentation, they can also determine 
center of gravity, weigh loads at rest or in motion, 
control batch and continuous processes, and record 


BALDWIN -: LIMA: HAMILTON 


Blectronics & Instrumentation 
Waitham, Mass. 
SR-4® strain gages* Transducerse Testing machines 


all data required. Long-term accuracy is within 
t1/10%, repeatability withir | 20 The type 
and number of applications are virtually unlimited. 


( 


SR-4" Load Cells have capacities ranging from 
50 to 200,000 Ib. Loads on the cells are converted 
to proportional voltage—permit the instruments 
for reading or recording changes to be located at 
any remote point 


For more information on these precision load cells, 
have us send one of our field men around to see 
you, without obligation. And write to Dept. 6-D 


for a copy of Bulletin 4302 
ty, : 
\ 


4. Hami> 


inti ¢ 


Division 
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“A. W. HAYDON ava 


company’s 


SUB-MINIATURE HERMETIC | 
ELAPSED TIME INDICATORS. 


You, too, can afford the space to keep track 
of time! From now on, these really small 
(1'%") Elapsed Time Indicators will keep 
company with the best of Electronic Miracles. 


--- So Use | NEW PRODUCTS 


HIGH THERMAL STABILITY 
The illustration shows how the operating time of various ; . o- ; 
sections of an electronic console can be monitored, A new line of microminiature, preci- 


The dial type units read up to 2,500 hours in om wire-wound pots is said to me 
one hour increments, while the digital type units vide greater stability under temper- 
read up to 9999.9 hours in one-tenth hour in- ature cycling than other types of 
crements. Designed for military applications, comparable size. The units will dissi- 
these 41/, ounce units can save valuable panel pate 2 watts at 60 deg C, and are 
space in industrial and electronic applications. | available in nine resistance values be- 

tween 100 and 25,000 ohms. Nominal 

mechanical rotation is 330 deg; re- 


The “anal? 
Se eian -rance i S$ Or i 5 10 
Tho 600 cxcte med: /A\.\W-RIAYDON sistance tolerance is plus or minus | 


els now in produc- percent; and linearity 1S plus or minus 
tion are described COMPANY 5 percent.—Ace Electronics Associates, 


— _— 246 NORTH ELM STREET ll M 
N . ‘ 
3 lass. 
WATERBURY 20, CONNECTICUT Inc., Somerville, . 
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3200 CYLLE SKVA 











ACCESSORIES 
& MATERIALS 





> ered 
‘ ote! I~>= 


3200cps REGULATED ALTERNATORS 


for Optium Weight and Space Design 


IN MISSILES 


Design Data AN Mountings for 
—55°C to +70°C Ambient 28 V.0C, 400 cps motor 
40G Shock; 10G Vibration or turbine drives 


ae Oy ey aga prc nn Ae gar i | FLEXIBLE COUPLINGS 


Harmonic Content 5% mechanical modifications 


ilabl ; , ‘ 
Phase Unbolence 2% ee This new line of flexible couplings 


ALTERNATOR REGULATOR permits angul: ir misalignment up to 5 
deg parallel offset to as much as 0.010 
r —r in., and axial end-play up to 0.090 in. 
They will transmit torques up to 150 

oz-in., allow speeds up to 10,000 rpm, 

minimize backlash, and operate over 

a wide temperature range. Overall di- 

ameter is 1.078 in., with hubs bored 

4 to take *s-, 4-, vs-, or #-in. shafts or 


any combination of these sizes.— 
WRITE FOR PARTICULARS Metron Instrument Co., Denver, 


PAUL E.GERST & COMPANY| —°. 


4868 N. CLARK STREET . CHICAGO 40, ILLINOIS a a 


KVA PHASES DIA LENGTH WEIGHT DIMENSIONS 
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DELCO 

HIGH POWER 
TRANSISTORS 
are made from 


=, 


A 
~& 


In the center of the quartz housing, a germanium crystal 
is being grown. A “perfect crystal lattice,” it will be cut 
into wafers 3/10ths of an inch square and less than 
1/100th of an inch thick to become the heart of Delco 
High Power transistors. 


DELCO RADIO 


Division of General Motors, Kokomo, Indiana 
BRANCH OFFICES 
Santa Monica, California 


726 Santa Monica Boulevard 
Tel.: Exbrook 3-1465 


Newark, New Jersey 
1180 Raymond Boulevard 
Tel.: Mitchell 2-6165 


because it alone combines these 5 advantages: 


Lower saturation resistance — Germanium gives Delco High 
Power transistors a typical saturation resistance of only 
3/100ths of an ohm. No other present material offers this 
characteristic, which permits efficient high-power switching 
and amplification from a 12- or 24-volt power supply. 


Higher current gain—Gain with germanium is not only 
higher but is more linear with current. 


Lower distortion —In many applications, distortion require- 
ments can be satisfied only with germanium transistors. 


Lower thermal gradient—As far as deliverable power of 
present devices is concerned, germanium meets the need 
and, in addition, provides a thermal gradient of only 
1.2° C/watt. 


Greater economy—More power per dollar. 


Examine Delco High Power germanium transistors and see how practical 
it is to go ahead with your plans now. For high current applications there is 
no better material than germanium, or Delco Radio would be using it. 
All Delco High Power transistors are produced in volume; all are normalized 
to retain their fine performance and uniformity regardless of age. Write 
for engineering data and/or application assistance. 
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ACTUAL SIZE 1.5” DIA. X 2.525” 


The Syncramental Motor accurately translates pulses to in- 
cremental shaft position . . . rotates potentiometers, counters, 
rotary switches, control mechanisms. Features a clutch mechanism, 
rather than ratchets, to index the shaft through action of two 
LEDEX Rotary Solenoids. 

Angular increment per pulse is 36° either direction . . . maxi- 
mum stepping rate, 15 per second . . . load capacity, up to 2 Ib. 
in. starting torque ... life expectancy, 2 million steps .. . 
dimensions, 1.500” dia. x 2.525” long . . . weight, 13 oz. . 
standard Servo mounting. 


SYNCRAMENTAL 





ltd W@W motToR 
123 WEBSTER STREET, DAYTON, OHIO 


IN CANADA: Marsland Engineering Lid., Kitchener, Ontario 
IN EUROPE: NSF Ltd., 31-32 Alfred Place, London, England 


This is a 


photosensitive 


resistor. ee actual size 


It’s called a Kodak Ektron Detector, the photosen- 
sitive substance is lead sulfide, and it can be laid 
down in any pattern. 


®@ Signal response extends 
from 0.25 microns in the ultra- 
violet to 3.5 microns in the in- 
frared with maximum sensitiv- } 
ity at 2.2 microns in the infrared. BESS | 


. a 2x10°ohms §=2x10°ohms = 2x 10” ohms 
@ They are available in com- : 


plex and exact arrays and : eee 
mosaics. 


® Signal-to-noise ratio is excellent, particularly in the infrared. 
@ Vibration doesn't affect them. 
@ Elements can be extremely small in size. 


To get the details on Kodak Ektron Detectors, write for a 
free booklet to: Military and Special Products Sales, 


EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 
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NEW PRODUCTS 


HIGH SENSITIVITY 

Shown is a new super-sensitive ball 
bushing for instrument and control 
applications. Designated INST-4812, 
it has a bore diameter of 0.2500, an 
outside diameter of 0.5000, and a 
length of 0.750 in. Rolling load rat- 
ing is 13 1b; static load, 22 Ib. Factory 
inspection requires that the bushing 
roll down a shaft at a 20-min angle, 
but by a new way of using it, the 
maker claims it is possible to cut this 
angle to 1 min or less.~Thomson In- 
dustries, Inc., Manhasset, N. Y. 
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LIGHTWEIGHT FAN 


The Propimax-2 cooling fan, recently 
introduced, delivers 120 cfm free air, 
yet weighs only 6 oz and measures 3 
in. in diameter... It is available for 
operation on 115 vac, single-phase, or 
220 vac, 3-phase, 400 gps; its standard 
constant-speed motor turns at 20,000 
rpm. An altivar design is also avail- 
able for maintaining cooling efficiency 
at changing altitudes—Rotron Mfg. 
Co., Inc., Woodstock, N. ¥ 
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TUBE WITH A ZIPPER 


A new laminated type of flexible tub- 
ing with a patented slide fastener is 
now available for harness applications 








Progress in Leadership... 


At Argonne, the Remote Control Engineering 
Division is designing a mobile robot for nuclear 
engineering operations beyond the capabilities 
of existing master-slave manipulators. The robot 
can be maneuvered as commanded. Its “force 
reflecting’’ servo-mechanisms will transmit the 
“feel’’ of the robot’s hands to the operator. 
Force multiplication may be used to preserve a 
sense of ‘feel’ in heavy duty manipulators. 


7YONNE 


A 


/ 


oe og 


contract with the United States Atomic Energy Commission 


Operated by the University of Chicago under 


Professional Personnel Office 
P. O. Box 299-A3, Lemont, Ill. 









SLAVE- 
ROBOTS 
WITH A 
SENSE OF 
“FEEL” 


The RADIOACTIVITY levels in 
modern nuclear science call for 
development of master-slave 

manipulators and slave-robots. 


Observing the slave through stereo TV, the 
operator can carry out the precise remote ma- 
nipulation required in nuclear work. 

The development of advanced hydraulic and 
electrical designs of such systems is typical of 
the challenging problems associated with basic 
research and development at Argonne. 


Inquiries Invited: 


M.E.’s and E.E.’s for electro-mechanical, mecha- 
nisms, radio telemetering and stereo TV develop- 
ment work. E.E. familiar with high voltage switch 
gear, high voltage rectifier sets, rotating machinery, 
pulse transformers and techniques of high energy 
transient work. E.E. with cyclotron experience. 
Physicist for study of irradiation damage on electro- 
mechanical systems and optical materials. Physicist 
with electronic background for work in nondestruc- 
tive testing. 


the 


Reliance Speed Indicator 


This all electric unit consists of three parts, a pick-up, an 
indicator, and a two wire electric connecting cable. Stand- 
ard scales are available, reading from 0 to 750, 1500, 2000, 
2500, 3000, 4000, and 5000 rpm. Special scales are avail- 
able that measure in units other than revolutions. 


Reliance Speed Indicators may be mounted either directly 
to the shaft, or offset. An electric connecting cable up to 
300’ long may be used for remote readings. A-1567 


LIST PRICE COMPLETE Write for Bulletin A-2405 
$126.20 
incleding pick-up, ind- RELIANCE thdtitiidee 


ond 10’ of electric cable. DEPT. 524A CLEVELAND 17, OHIO 


Quantity discounts. Sales Offices and Distributors in principal cities 





A bulletin 
illustrating 

the how and 

why of unNtisec 

is yours for 

the asking. 
W.&L.&. GURLEY 
537 Fulton Street 
TROY, NEW YORK 
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NEW PRODUCTS 


requiring shielding. This new Zipper- 
tubing is made of a plastic saturated 
Fiberglas backing laminated to alum- 
inum, lead, or magnetic foil, weighs 
much less than conventional shielded 
harness, and is readily installed. —The 
Zippertubing Co., Los Angeles., Calif 
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Ce | 
FAST PROTECTION 


Called the Form 101, this new circuit 
protective device features high inter- 
tupting capacity and current limiting 
at about four times its normal rating. 
A wide variety of capacities and sizes 
are available for 65-, 130-, and 250-volt 
service. Depending on rating, units 
will continuously carry from 1 to 
10,000 amp of normal current. They 
limit on overload but blow instantly 
on short circuit, thereby avoiding 
damage to components.—Chase-Shaw- 
mut Co., Newburyport, Mass. 
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IMPROVED PLASTIC 


According to its manufacturer, Pheno- 
lite Grade G-1l, a new glass base 
epoxy material, offers a better high- 
temperature resistance than other 
epoxy grades. Insulation resistance 
and dielectric strength is also superior 
to other glass base grades. Other fea- 
tures include high impact strength, 
low water absorption, and dimensional 
stability as a copper-clad material.— 
National Vulcanized Fibre Co., Wil- 
mington, Del. 
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FINE MAGNETIC WIRES 


Two new magnetic wires, Therm- 
ester-L and Temprite, are available in 
gauges as fine as 50 AWG. Therm- 
ester-L, a recent development, has a 
maximum operating temperature of 
155 deg C; the Temprite (Teflon) type 
will serve at temperatures as high as 
250 deg. C—Hitemp Wires, Inc., 
Westbury, N. Y. 

Circle No. 42 on reply card 
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100) FLUID POWER DRIVES. The 
Oilgear Co. Bulletin 10600, 32 pp. An 
excellent presentation covering the opera 
tion and application of the company’s 
versatile ““Any-Speed”’ fluid drives. Includes 
numerous performance curves relating 
speed and torque to either time or load. 
101) INSTRUMENTATION CABLES 
Rome Cable Corp. Bulletin RCD-400, 
8 pp. Describes a variety of insulated 
cables for telemetering, data recording, 
circuit testing, and computer applications. 
Provides tables of military and manufac 
turer's specs, and capacitance test values 
102) SCANNING SWITCH. Applied 
Science Corp. of Princeton. Bulletin, 8 pp. 
Specifications and application data on the 
company’s Type AU high-speed sampling 
switch. Accessories include driving sources 
gear reducers, and switch modules 

103) THERMOCOUPLES. Aero Re 
search Instrument Co., Inc. Data Sheet 
No. 385, 2 pp. Offers data on completely 
enclosed, electrically isulated, —_fast-re 
sponse thermocouples for temperatures 
ranging from minus 320 to 1,900 deg. F. 
Specs cover connector types and fittings. 
(104) PRECISION POTS. Analogue Con- 


ADVERTISER 


























Inc. Catalog No. P103, 12 pp. 
Summarizes specifications of various mod- 
els and defines loading, trimming, linear- 
ity (independent, zero- ‘based, or terminal), 
and linearity testing. Contains dimension 
—- and circuit diagrams. 

05) DIGITAL CONTROL. Anatran 
bo v. of Endevco Corp. Technical bulletin, 
4 pp. Called “Digitometry—A Concept of 
Digital Control and Indication”, this bul- 
letin describes five new components for 
use as digital actuators and feedback de- 
vices in instrumentation and servo systems 
106) SWITCH APPLICATIONS. Mi 

ro Switch Div. of Minneapolis-Honey- 
well Regulator Co. “Uses Unlimited”, 
Vol. 11, No. 2, 8 pp. Cites features of 
ome new switches and describes a num 

r of typical applications, including an 

indexing machine, an elevator control, 
and a submersible pump. 
107) PAPER MILL CONTROLS. De- 
tectron, Inc. Brochure, 8 pp. Discusses 
equipment for dynamic quality control in 
the paper industry. Functions include in- 
spection, detection, classification, count- 
ing, signaling, and controlling. Shows con- 
sole and wall-mounted units 
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08) PROGRAMMED POWER 
tronic Measurements ( Inc. Bulk 
7¢ 5, S PI Show 1 
supplies in automati 
clude a remotely 
direct motion-to-voltag 
prog! xT amming ao Ver 
109) SEMICONDU C r PR APPLICA 
TION. Hoffman Electronics Corp. Vol 
No. 1, 4 pp. First in a new series of semi 
onductor application bulletins, it illu 
trates how nonlinear uracteristics of 
licon diodes make ther itable for pro 
tecting measuring in t 
110 POW ER ACTUATORS. Conoflow 
Corp. Bulletin B-50-3 2 pp. Describe 
the company’s complete line of pnet 
matically positioned power actuators ft 
throttling control ser Applications 
over control of pum valves, speed 
hangers, rheostats, flow regulators, etc 
111) oes te R OP 1 RATION Be 
dix Computer B pp. Featu: 
a description 2 the programming tech 
niques used with the Bendix G-15 genera 
purpose digital computer. Also 
specifications and some accessor 


(112) GAS ANALYZER. Mine 


oatety 
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Appliance Co. Bulletin No. 1703-4, 8 pp. 
Presents three basic systems using various 
component combinations, to illustrate the 
flexibility of the Model F Combustible 
Gas Analyzer. Discusses operating prin- 
ciples and special features. 

(113) SIZE 11 SERVOMOTOR. Helipot 
Corp. Data Sheet 912, 2 pp. Offers a de- 
tailed description of a new size-]1 servo- 
motor with adjustable velocity damping. 


Includes cutaway drawing, specifications, 


and torque-speed curve. 

(114) POT LOADING ERROR. Tech- 
nology Instrument Corp. Bulletin No. 10, 
4 pp. Provides a number of curves illus- 
trating the magnitude of error resulting 
from loading effects on several nonlinear 
function potentiometers. Explains wind- 
ing procedure used for compensation 
(115) TRANSISTORIZED POWER. 
Kepco Laboratories, Inc. Condensed Bro- 
chure B581, 8 pp. Describes a complete 
line of voltage regulated power supplies, 
including transistorized, magnetic, and 
vacuum-tube types. Tabulates all impor- 
tant characteristics. 

(116) INFRARED APPLICATION. 
Beckman/Process Instruments Div. Data 
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Sheet IR4201, 4 pp. Uses flow diagrams 
to illustrate three important areas of sulfur 
dioxide analysis by infrared techniques 
sulfur recovery from petroleum sour gas, 
controlling reaction velocity in sulfuric acid 
plants, and monitoring stack gases 

(117) TEMPERATURE SYSTEMS 
Minneapolis-Honeywell Regulator Co. 
Catalog C-60-2, 58 pp. Covers a complete 
line of filled thermal systems for indicat 
ing, recording, and control. Electric and 
pneumatic instruments, various combina 
tions and options, are described 

(118) CONVERTS 3-15 PSI TO AC. 
Fischer & Porter Co. Catalog Shect 
59-100, 2 pp. Explains the operation of a 
new electromechanical ti sen for in- 
stantaneously converting 3-15 psi input 
signals to an ac output. Photo and circuit 
diagram are included. 

(119) ADJUSTABLE RELIEF VALVES. 
Tuthill Pump Co. Catalog 110. Includes 
performance curves, dimensions, specifica- 
tions, etc., covering a line of adjustable, 
spring-actuated relief valves. 

(120) NEW DIGITAL VOLTMETER. 
Kin-Tel Div. of Cohu Electronics, Inc., 
Bulletin 19-2, 4 pp. Block and circuit 


i s are used to describe the opera- 
tion of a new dc digital voltmeter. Last 
page carries a list of specifications 
(121) INFINITELY VARIABLE 
SPEED. Graham Transmissions, Inc. Bul- 
letin 550, 12 pp. Describes some new sys- 
tems for automatic speed control in re 
sponse to 3-15 psi air signals, 0.5 to 5 ma 
electric signals, and others 
(122) SYNCHRO LINE. Muirhead & 
Co. Ltd. Folder, 6 pp. Presents in a series 
of tables the salient characteristics of the 
company’s synchros, servomotors, resolv- 
ers, motor tachometers, and tachometer 
generators. Touches on test equipment 
(123) SUBMINIATURE RELAYS. Radio 
Corp. of America. Brochure, 12 pp. Cov- 
ers a broad range of subminiature relays 
for missile and other airborne applications 
Performance specs are tabulated and a 
curve shows a typical overload rating. 
(124) JET ENGINE TEMPERATURES 
Fenwal, Inc. Bulletin MC-153, 4 pp. Mlus 
trates four basic types of thermocouple 
junctions for use in aircraft gas turbines 
and related applications. Points out a 
number of exclusive design features, in- 
cluding the metal-mica “header” and spe- 
cial “fill” method 
(125) PHOTOELECTRIC CONTROLS 
Autotron, Inc. Catalog Supplement, 8 pp 
Deals with a number of items not covered 
in the 57 General Catalog. Includes new 
plug-in mounted photoelectric controls 
and light sources, new miniature photo- 
tube and light source heads with installation 
diagrams, impact-actuated controls, cur 
rent-surge-actuated devices, and combined 
photoelectric and timing controls. 

(126) AIR AND HYDRAULIC 
VALVES. C. B. Hunt & Son, Inc. Bulle- 
tin No. 571, 12 pp. Uses over 30 illustra- 
tions in describing a complete line of air 
and hydraulic control valves. Types cov- 
ered include sliding sleeve, single —— 
“O” type, “B” type, and high-pressure hy- 
draulic valves. 

(127) RELIABLE RELAYS. Magnecraft 
Electric Co. Bulletin, 16 pp. Electrical 
and mechanical specifications on miniature 
and subminiature printed circuit relays, 
6PDT and power relays, snap action relays, 
and rectified relays for quiet operation and 
increased reliability. One section deals 
with the enclosures available 
(128) MAGNETIC FLOWMETERS 
Fischer & Porter Co. Catalog 10D1416, 
4 pp. Discusses the principles, operation, 
and advantages of magnetic flowmeters, 
emphasizing the special features of F&P 
models. Lists specifications 
(129) PRESSURE REDUCING 
VALVES. Jordan Industrial Sales Div.. 
OPW Corp. Bulletin J-160, 6 pp. Offers 
detailed information on a new line of 
sliding-gate pressure reducing valves for 
dead-end shutoff on all fluid services. Con- 
tains flow capacity charts, dimension draw 
ings, control ranges, material specs 
(130) COMPUTER LANGUAGE 
TRANSLATOR. Electronic Engineering 
Co. Bulletin B-10M-11-57, 4 pp. Pro- 
vides some interesting data on the opera- 
tion and construction of the ZA-100 com- 
puter language translator designed to fa 
cilitate communication between any of 
the commonly used computer systems 
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LITERATURE save valuable 
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HEATH Electronic Analog Computer Kit 


in the college classroom, or ‘on 
the job'’ in industry, the Heathkit 
Analog Computer solves physical 
or mechanical problems by 


electronic simulation 


of conditions. Full kit $945°° 


& 


art aS 
\ Ss il 
SSS 
L i; 
NOTI lo receive anv of the following 


items, the reader should write directly to 
the manufacturer at the address given 


RESISTANCI THERMOMETERS 
I'’rans-Sonics, Inc., Burlington, Mass 
Booklet, 15 pp. Entitled “How to Use 
Platinum Resistance [hermometers in 
Temperature Measurement, Telemetry, 
and Control”, this booklet presents the 
various types and characteristics of specific 


nh 


e 30 coefficient potentiometers, each capable of being set with extreme a 


e 15 amplifiers using etched-metal circuit boards for quick assembly and 
operation. 


e A nulling meter for accurate setting of computer voltages 
e A unique patch-board panel which enables the operator to ‘see 
block layout 


+ 


HEATHKITS 


resistance thermometers and_ describes 
their applications in a variety of bridge 
circuits and control systems. Typical of 
the applications described is a telemetry 
circuit with a single-pole commutation 
scheme. The circuit diagram for this ar 
rangement, appearing on page 11, is re 
produced above . FREE 
BASIC PNEUMATIC CONTROI a FOLDER 
Westinghouse Air Brake Co., Industrial 

Products Div., Wilmerding, Pa. Publica HEATHKIT 
tion F9-180.00, 28 pp. This handy book ~ 

let acquaints the reader with the “‘systems 


engineering” approach to the selection HEATH COMPANY 


and use of pneumatic controls. It presents AS 
enough data on the basic pneumatic sys- BENTON HARBOR 36. MICH. 
tems and their advantages to give designers 

and users a good idea of the value of 

pneumatics as a practical source of power 

and centrol. The circuit shown here, 

for automatic cycle control of bins, gates, 

and shifters, might be installed in a food 

factory. Many ‘other interesting circuits 

are included 


lary 


Get the complete computer 


silos story from this four-page 
TEXTILE INDUSTRY CONTROLS . folder, available free! 
The Powers Regulator Co., 3400 Oakton 
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THE 

ELEMENT 

OF 
FREEDOM 


Freedom is doing what you like. Some engineers like best to match 
their wits against difficult problems. This characteristic (or idio- 
syncrasy) of liking complicated technical problems is one of the 
chief qualifications of the engineer we need. 

His work will involve advanced computer input-output 
equipment, specifically simulation devices, in the largest man- 


computer system in the nation. 





The position requires at least three years’ experience, pref- 
erably in a combination of the following fields: electro-optical 


equipment, photo-chemistry and circuit design. 
OTL DA AOL ETIEIE LLNS ASANTE IOS ELE A NIORL 


You are invited to write for more information or phone col- 
lect. Address R. W. Frost, System Development Corporation, 2430 
Colorado Avenue, Santa Monica, Calif.; phone EXbrook 3-941 1. 


SYSTEM DEVELOPMENT CORPORATION 


independent nonprofit organization, formerly a division of the Rand Corporation 
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THE POTERS REGHLATOR COL:PAaT 
SLASHER CYLINDER 
TEMPERATURE NTR 


St., Skokie, Ill. “Slasher & Size Room 
Controls Manual”, 18 pp. plus selected 
bulletins. Designed as an aid to instru 
ment engineers in the textile industry, this 
new manual describes eight specific slasher 
size room control systems ranging in com 
plexity from a simple thermostatic steam 
trap for condensate lines to the dual slasher 
cylinder temperature control system shown 
here. Each system diagram is accompanied 
by a description of the operation, the ad 
vantages of control at particular points, 
and references to equipment bulletins 


\ MANAGEMENT AID. Remington 
Rand Univac Div. of Sperry Rand Corp 
315 Fourth Ave., New York 10, N. Y. A 
196-page manual, called “A Study for 
Management—The Univac II Data Auto 
mation System”, has been prepared to help 
top management investigate the electronic 
computer, its capabilities, operation, and 
applications. The manual begins with a 
study of the data-processing areas in a typi 
cal manufacturing firm, follows with a 
classified listing of current computer appli 
cations. A survey of the types of data 
processing svstems—manual, key-driven, 
punched card—and electronic computers 
rounds out the introductory section 

Selection considerations are covered in 
the second section. These include choos 
ing the applications, selecting equipment, 
selecting and training personnel, preparing 
the computer program, and planning the 
computer organization. Then came the 
operations of the Univac system itself and 
the “what,” “why,” and “how” of the 
computer components 

\ complete introductory course in 
Univac programming, suitable for use as 
a classroom text, is presented in five sec 
tions. These describe: 1) process charting, 
flow charting, and coding; 2) processing 
internally-stored data; 3) processing ex 
ternally-stored data; 4) coding technique; 
and 5) svstems design. This fifth section 
explains the types of computer runs, th: 
meaning of process chart symbols, and the 
technique of file maintenance. 








This is the Honeywell 7000 
7] digital data recorder-transcriber 


¢ : = - +. a high-speed electronic data acquisition and transcribing system for 
RECORDER handling up to 100 channels of analog data with conversion to digital form for 
4 data processing. 


The Honeywell 7000 is a complete multi-channel, high-speed system consisting 
of two main units—the recorder and the transcriber. The first is located at or 
near the source of data and produces the first or intermediate tape. The tran 
scriber is generally located at the computer and produces the final tape in the 
desired computer format. 


The Honeywell 7000 is basically designed to perform these functions: 


Accept input information from multiple transducers 

Scan the input signals sequentially at high speed 

Digitize each input in turn. 

Record the digitized values on magnetic tape 

Reproduce the original tape. 

Select predetermined portions of the reproduced data 

Rearrange the continuous data into suitable block form for computer input 
Record these blocks of data on another tape for direct entry into the computer 


HI-SPEED 
TAPE TRANSPORTS The Honeywell 7000 is capable of a scanning rate of 10,000 samples per second. 
j Variations of the basic system are available to adapt the system to meet differ 
ing application conditions. 


Write for information on the Honeywell 7000 digital data recorder-transcriber 
. and application engineering assistance. MINNEAPOLIS-HONEYWELL, 10721 
Hanna Street, Beltsville, Maryland 
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Post Decitron 


electronic products 


Model S$D-1T 


This new Post elec- 
tronic counter out- 
modes all mechani- 
cal counters. Capa- 
ble of operating at 
speeds up to 100 
units per second, a 
single “count” is in- 
dicated on the six 
digit totalizer as 
each tenth item 
breaks the light 
beam. For counting dozens or gross 
a 12 place counting tube can be sub- 
stituted. May be operated from micro- 
switch, photohead or Post magnetic 
switch. 

Standard SD-1T 


Model SD-1 


Same as 
without totalizer 
Boosts service life 
of mechanical reg- 
isters 15 times by 
counting in units of 

10. Can be placed 
several hundred feet 
from switch con- 
tacts. 

SD.-1 

With Remote Totalizer 


Model MH-2 


Magnetic Switch 
high speed — ideally 
suited to sensing appli- 
cations — will actuate 
electronic counters, me- 
chanical counters, con- 
trols, solenoids, relays 
and many other cir- 
cuits. Capable of speeds 
up to 100 cycles per 
second, Long service 
life. 

Feature sharp, 
clean make or break — 
no lag, no bounce. 





$140.00 





above, 


$98.00 
$125.00 





Thousands in use 


$29.75 


POST ELECTRONICS 


Division of Post Machinery Co. 
159 Elliott St., Beverly, Mass. 


: 


POST ELECTRONICS 
Division of Post Machinery Co. 
159 Elliott St., Beverly, Mass. 
[] Send literature on Model 
(J Please send name of nearest 
representative 
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Optimalizing Jet Engine Controls 


From “Experimental Investigation 
of Turbojet-Engine Multiple-Loop 
Controls for Nonafterburning and 
Afterburning Modes of Engine Op 
eration” by D. B. Kirsch, L. M. 
Wenzel, and C. E. Hart, all of the 
Lewis Flight Propulsion Laboratory, 
Cleveland, Ohio. Technical Note 
4159, National Advisory Commit- 
tee for Aeronautics, Washington, 
D.C. January 1958. 


The demand for better jet engine 
performance has emphasized the im 
portance of a fast-acting, variable-area 
exhaust nozzle as a primary controlling 
parameter. Such a modulating nozzle 
speeds thrust increase, gives maximum 
thrust under various engine conditions, 
and assures best fuel consumption at 
different power levels. And it is im- 
plicity required in afterburning. This 
report investigates some of the control 
modes made possible by manipulation 
of the two independent engine vari- 
ables, fuel flow and _ exhaust-nozzle 
area. 

The controlled variables are rotor 
speed and turbine discharge tempera- 
ture. Since both of these are functions 
of the independent fuel flow and 
nozzle area, two basic double-loop sys- 
tems are possible. These are shown 


in the block diagrams below. In A, 
rotor speed is controlled by manipula 
tion of the nozzle area, temperature 
by manipulation of the fuel flow. In 
B, the parameters are reversed; here 
speed is controlled by the fuel flow 
and temperature by the nozzle area. 
K,,, and K,,, represent adjustable non 
interaction gain terms be 
tween the forward paths of the con 
trol] loops. 

Results showed that the speed-area, 
temperature-fuel configuration (dia 
gram A), with no compensation, pro 
vided the best performance character 
istics. Advantages included simplicity 
of control and noncritical adjustment 
of the speed-area gain setting. 


crossovel 


On Cascade Control 


From “The Design of Cascade Con 
trol Systems” by R. L. Day of the 
ICI Central Engineering Labora 
tory, Reading, England. Paper pre 
sented at a meeting of the Society 
of Instrument Technology, Manson 
House, London, Jan. 9, 1958. 
Cascade control systems as discussed 
in this paper are those in which two 
measured variables are directly related. 
The primary controller senses the pri 
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je The Ramo-Wooldridge RW- 
Bu? Sal awe mill oso 6 eat 
300 Digital Control Computer 
3, a Lc te “ee 
process units in oil refineries, 


~ @ie chemical plants, and other 
process industries. 


The new RW-300 offers out- 


is mats first standing opportunities for 


higher profits from existing 
io] a ’ and future plants—through 
digital computer for reduced operating costs, in- 
° creased throughput and yields, 
automatic process control anit eeaiatiboantians ecnline. 
These benefits will pay back 
Ph ale data ee an investment in an RW-300 
digital control system within 

six months to two years 


For technical information on 
automatic process control and 
advanced data logging with the 
RW-300, write: Director of 
Marketing, The Thompson- 
Ramo-Wooldridge Products 
Company, P.O. Box 45067, 
Airport Station, Los Angeles 
45, California, or call OSborne 
5-4601. 


See the RW-300 in operation at t} 
ACS exhibition, April 13-17, San Francisco 


THE THOMPSON-RAMO-WOOLDRIDGE PRODUCTS COMPANY 
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For 
SERVO MOTORS 
and 
MOTOR GENERATORS 


*TRANSLATION: You Can’t Beat 
The Bendix “Supermarket” 


Our “supermarket” of rotating compo- 
nents offers a larger variety of high- 
precision, low-inertia servo motors, rate 
generators and servo motor generators 
than any other single source. Bendix units 
are available in frame sizes 5, 8, 10, 11, 
15, 20 and 28; they meet or exceed 
practically any applicable specification 
and include both corrosion-resistant and 
high-temperature models. Volume-pro- 
duction prices. Immediate delivery in 
many cases. Why not find out about our 
*‘supermarket”’ service! 


FEATURING 
CENTER-TAPPED 


CONTROL 
WINDINGS ... 


. . for use in transistor circuits and for 
either parallel or series operation. Reduce 
size and weight of transistorized packages 
by eliminating coupling transformers. 
Standard models, or will wind to meet 
your specific requirements. 


Eclipse-Pioneer 
Division 


Teterboro, N. J. 


aviation CompoRaTion 


District Offices: Burbank and San Francisco, Caolif.; 
Seattle, Wash.; Dayton, Ohio; and Washington, 
D. C. Export Sales & Service: Bendix International 
Division, 205 E. 42nd St., New York 17, N. Y. 
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ABSTRACTS 


mary measured condition and has a 
manually-adjusted set-point; the sub- 
sidiary controller senses the subsidiary 
measured condition and is reset by the 
output of the primary controller. The 
output of the subsidiary controller is 
then applied to the correcting unit. — 

A brief review of earlier work in this 
area shows the need for a quantitative 
treatment on which to base the design 
of cascade control systems. The author 
considers the following problems: 
«derivation of the cascade frequency- 
response diagram and hence controller 
settings 
‘estimation of control quality in a 
cascade system, using frequency re- 
sponse data 
- advantages of using integral and de 
rivative actions in the subsidiary con 
troller 
- limitation of gain in the subsidiary 
controller to avoid over-ranging of the 
correcting unit 

A vector method is used to calculate 
the overall frequency response of a 
cascade control system, and the results 
are verified by experimental work. 
Most of this experimental work was 
performed on the electronic analog 
computer PANSI, and checked again 
on an experimental ‘temperature 
plant”. Control quality is considered 
in terms of two criteria: a deviation re- 
duction factor (DRF) or the ratio of 
maximum deviation without control 
to maximum deviation with control, 
and the period of the oscillatory re- 
sponse, both following a step disturb- 
ance. 

Results show that for a step dis- 
turbance at the correcting unit the 
DRF is given approximately by the 
product of the proportional control 
factors for the primary and subsidiary 
loops. For step disturbances after the 
subsidiary detecting element, the in- 
crease in DRF, relative to that for 
simple control, is of the same order as 
the reduction in period. 


Analysis Conference 


The following brief abstracts are 
taken from the proceedings of the 
1957 National Conference on In- 
strumental Methods of Analysis, 
sponsored by the Instrument Society 
of America, Analysis Instrumenta- 
tion Div., Chicago, IIl., June 13, 
14, 15, 1957. 


Systematic study 


Donald D. DeFord and Robert S. 
Braman, in a paper entitled “Neutron 


(Advertisement) 
PRODUCT NEWS 


Model PZ-14 


Model PZ-6 


Single Kistler Transducer 
Measures Pressures, Rates, 
Forces and Acceleration 


Precise measurements of diverse pressures, 
pressure rates, differential pressures, forces, 
vibration and acceleration can now be 
made with one Kistler SLM Transducer 
Providing advanced instrumentation for 
engines, compressors, shock tubes, gun 
tubes, rockets, hydraulic and pneumatic 
systems, the self-generating, crystal-type 
SLM Pressure Pickup (Model PZ-14) per 
forms as follows: Measures pressure or 
pressure rate directly; displays all pres- 
sures from full vacuum to 3000 psi 
(100,000 psi with adaptors); covers fre 
quency range of 0 to 50,000 cps; operates 
continuously at 600° F; withstands in 
termittent gas temperatures to 3000° F; 
indicates .1 psi variations at any pressure 
level to 3000 psi; measures fast pressure 
transients; makes short term measurements 
of static pressures. The SLM Miéniature 
Pickup (Model PZ-G6), of the same basic 
design as the PZ-14 Pickup, achieves re- 
sponse times approaching one microsecond 
Transient differential pressure. can be 
measured precisely at distant points by 
using two SLM Pressure Pickups opposite 
polarity. When pickup cables are joined, 
signals automatically add or subtract. An 
Accelerometer Adaptor with a mass, spring 
loaded against the crystals, converts the 
standard SLM Pickup into a precision 
Acceleration-Vibration Indicator. Static 
calibration is accomplished by turning it 
upside down in the earth’s gravity field, 
generating a 2G signal 
Utilizing a Force Adaptor, the SLM 
Pickup precisely measures forces to 300 
Ibs. with less than .005” deflection, and 
.1 Ib. variations at any level. Larger forces 
may be accommodated by using several 
pickups with their signal leads joined 
SLM Pickups are coupled to oscillo 
scopes or recorders with electrostatic 
amplifiers e.g. Kistler Piezo-Calibrator-Am 
plifier units. A new Amplifier-Calibrator 
(Model PT-14), single or two-channel 
rack mounted, has fast response (0 to 
200,000 cps), high gain (20), and low 
output impedance (7000 ohms). For com 
plete information, request Bulletin S-114 
Kistler Instrument Corp., Dept. CE, 
15 Webster St., North Tonawanda, N. Y 





THE FIRST AMERICAN SATELLITE 


With the launching of the “Explorer,” in joint 
co-operation with the Army Ballistic Missile Agency, 
the Caltech Jet Propulsion Laboratory fulfills one of 
its prime functions as a pioneer of the future. 

The Army's request for JPL to join in the effort to 
put an American satellite in orbit was the type of 
appeal most likely to arouse the enthusiasm of the 
Laboratory personnel — nearly 2,000 of them. 

Challenged by this exceptional opportunity, JPL 
personnel designed and fabricated the final three 
stages of the Jupiter ‘‘C’’ missile and, in addition, 


CAREER 
OPPORTUNITIES 


NOW OPEN IN 
THESE FIELDS 


ENGINEERING © PHYSICS AND MATHEMATICS 


ELECTRONIC, MECHANICAL, CHEMICAL AND AERONAUTICAL 


NOTABLE ACHIEVEMENTS AT JPL... 


designed and developed the satellite itself in 80 days 

The close co-operation and co-ordination of effort 
with the ABMA and the U.S. National Committee for 
the IGY, make JPL proud to have been a close part 
ner with the U.S. Army in developing and | 
the first American satellite. 

Now, JPL, maintaining its establ 
scientific research, continues to assist in tracking, 
receiving, correlating and evaluating data from the 
‘“‘Explorer’’ as one of its many contr 
solving the problems of the future 
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Why do our customers 
(bless ‘em all) buy 


our SERVO 
AMPLIFIERS ? 


WE RAN A POLL TO FIND OUT 


and, heres why! 


FAIR PRACTICE 

We just build servo amplifiers. We never 
compete against our customers on their 
systems contracts. 


HUGE SELECTION 

In eight years, 250 different servo 
amplifiers designed and manufactured. 
This engineering back-log ready to 
serve you. 


VERSATILITY 

Our servo amplifiers use tubes, 
transistors and magnetics according to 
their merits. We don't penalize the 
design thru specialization with only one 
technique. 


COMPLETENESS 

More than just input-output amplifiers. 
Designed for the Servo Problem, they 
include system damping, carrier phase 
control, modulators, demodulators, 
summing networks, synchro switching 
and power supply circuit where neces- 
sary. Nothing else to buy except servo 
motor, data system and gear train. 


PROVEN PRODUCTS 

Our standard units have been field 
proven in {literally hundreds of systems 
from the NATO forces to our missile 
program. Our specials draw on this 
backlog for designs which are right the 
first time. 


ADVANCED DESIGN 
Continued research by our staff in the 


servo amplifier problem means the very 
latest technique when you buy. 


Send for our complete catalog now! 


INDUSTRIAL CONTROL 


t.. COMPANY 


805 Albin Ave. + Lindenhurst, L.1., N.Y 
MOhawk 1-6060 
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ABSTRACTS 


Absorptiometry”’, summarize the re 
sults of an investigation into an ana 
lytical technique involving the meas- 
urement of neutron absorption. This 
technique is ideal for the determina- 
tion of boron, and most of the results 
reported were obtained with boron- 
containing samples. 

After describing the apparatus used 
and design considerations involved, 
the authors set up several equations 
used to relate counting rate to con- 
centration. Another equation shows 
the relationship between concentra- 
tion and the precision attainable. All 
of these equations involve a blank 
count rate, N., which the authors 
found to be quite dependent on the 
type of solvent used to dissolve the 
sample. Some of the analytical results 
are tabulated at the end of the paper. 


Interference compensation .. . 

Entitled “Multicomponent Photo- 
electric Analysis”, this paper by D. J. 
l'roy describes a technique extending 
the range of double-beam ultraviolet 
or visible analyzers to complex mix- 
tures. Heretofore these instruments 
were limited by interference from 
overlapping of ultraviolet absorption 
spectra. Troy shows a way to select 
the optical components of a continu- 
ous analyzer to provide complete com- 
pensation, even for strong interference. 
lo illustrate he uses an automatic 
photoelectric analyzer, described in 
1955 by L. G. Glasser. Instead of a 
single optical filter, however, the modi- 
fied device uses two filters of different 
wave lengths, one in each beam of the 
analyzer. Because the analyzer meas- 
ures intensity ratio, it will not respond 
to any radiation absorption that is 
equal in both beams. Thus, if the 
wave lengths and lengths of the 
sample cells in each beam are selected 
so that the interfering substance ab- 
sorbs equally, the analyzer will not re- 
spond to that substance. 

The chief advantage of this tech- 
nique is the long-term stability of 
both the analyzer span and the inter- 
ference compensation. Three factors 
determine these parameters: wave 
length of radiation, sample cell 
lengths, and absorbance span of the 
analyzer. In the model described, ab- 
sorbance span is uniquely determined 
by a mechanical light gate. A gas-lis- 
charge light source, together with ab- 
sorption or interference filters, pro- 
vides wave-length stability. Careful 
design of the window mounting as- 
sures stability of the sample cell 
lengths. 
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STIFF DOSE: 
OF SALT 





Exposure ... to the equivalent of 
a stiff sea spray ...ona hot, humid 
day—one more test the G-M Servos 
take in stride. 
Not just a promise—but a tested fact. 

G-M Servo Motors are built to de- 
liver the ultimate in performance. 
The salt spray test shown above is 
just one of a battery of tortures de- 
signed to prove G-M Servos under all 
extremes of humidity, temperature, 
altitude, vibration and salt spray. 

At G-M “Designed to Meet Mil. En- 
vironmental Specifications” is backed 
by production testing that does just 


GOOD REASONS WHY 
G-M SERVO MOTORS 
SERVE YOU BEST! 


G-M Servo Motors are available in 
standard sizes 

Standard G-M Servo Motors can also 
be modified to meet specific require- 
ments. 

Creative engineering in designing spe- 
cial servo motors with special charac- 
teristics. 


Fast production—better service. 


LenS ahaha eemeameewel 


Write Now for information, or 
send for complete G-M charts 
and specifications. No 
obligation, of course. 


(lI Serva Motors 


G-M LABORATORIES INC 


_— N. Knox Avenue « Te 4) 











For production testing and process control 
CMC announces the Model 620A 
ELECTRONIC GO-NO-GO GAUGE 


Here’s an interesting new instrument from CMC with 
a host of applications in production testing and process 
control. 

The Electronic Go-No-Go Gauge monitors any con- 
trol or limiting situation which can be stated in terms 
of frequency. For instance, in the electronics industry 
relatively unskilled workers can tune oscillator circuits, 
filter networks, etc. with great accuracy. Frequency sta- 
bility and comparison checks can be made quickly and 
easily. In mills and factories producing a continuous 
flow of goods such as steel, rubber, paper, the device can 
be used as a material flow controller keeping the output 
in tune with the input, preventing line buckle and stretch- 
out. In chemical and petroleum processing, the Model 
620A can serve as a pressure or liquid flow regulating 
indicating system. Wherever motor speed control is a 
problem, the Model 620A will hold the speed within 
preselected limits. 


How it Works 

In operation, the unknown frequency generated by either 
the unit under test or one of the many types of trans- 
ducers on the market is applied at the input. Upper and 
lower frequency limits are selected by setting the control 
knobs on the front panel. If the unknown frequency falls 


below the lower limit, a red “low” lamp lights. Equal to 
or above the higher limit, a red “high” lamp lights. With- 
in either limit, a green “in limits” lamp lights. Relay con- 
tact closure for external control occurs at each lamp 
condition. 

Actual input frequency is displayed on decades. 
Remote visual monitoring can be obtained with CMC’s 
new Inline-Inplane Readable Readout. Use of CMC's 
new fast printer provides a permanent printed record. 

Like all CMC instruments, the new Model 620A fea- 
tures unitized construction for structural strength and 
low weight. 


KEY SPECIFICATIONS 
FREQUENCY RANGE 1 — 40,000 cps 

INPUT REQUIREMENTS 05v rms: 10 — 40,000 
07v rms: 1 — 10 cps 
Positive Pulse Rise Time: 4 
ACCURACY +1 count + stability 
STABILITY 0.1% (Normal power line stab 
Crystal time base optiona 
0.1 sec. and 1 sec 
4 digits (5 digits optiona 
Automatic: Continuously v 


10 seconds 
Manual: Until reset 


TIME BASES 
READOUT 
DISPLAY TIME 


INPUT IMPEDANCE 0.5 megohm and 50 mmfd 
PRICE $1120.00 f.0.b. factory 





For more information, contact your nearest CMC engineering representative 


Subsidiary of 
Hancock 
Manufacturing 
Company 


or write to us directly for complete specifications and applications data. 
Please address Department 084, 


Computer-Measurements Corporation 


5528 Vineland Avenue * No. Hollywood, California 
Phone: STanley 7-0401 © TWX: N HOL 2160 
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INFRARED 


Process 
Controls 
for 


INDUSTRY 


“CUSTOMIZED” IR Control 
Systems at Standard 
Equipment Prices 


Here are highly effective sys- 
tems for the “difficult” jobs... controls 
that regulate processes without direct 
contact with materials or equipment 
... Systems that set new peaks of accu- 
racy, reliability, and flexibility even in 
processes that involve low levels of 
heat. 

Industry has such controls 
in Servo Corporation’s Servotherm® 
INFRARED Pyrometer Systems. 

These systems already have 
proven their effectiveness in the basic 
industries of primary metals, metal 
fabrication, ceramics, chemicals, paper, 
textiles, and in research operations. 

They work equally well with 
equipment that is in motion or at rest 
... With materials that are molten or 
solid, or liquid at normal temperatures. 
The control units work close to the 
subject under regulation, or from 
remote locations. They can be per- 
manently installed, or used with the 
portability of a motion picture or TV 
camera. 

And Servo Corporation’s 
modular principle of designing 


INFRARED control systems permits | 


fitting the basic system with a selection 
from a series of infrared lenses in a 
wide range of focal lengths and fields 
.. with accessories to meet specific 
needs. This results in “customized” 
process control systems —at a sub- 
stantial economy in delivery time and 
outlay. 
Wire or write for your 
free copy of the new Servo 
brochure on INFRA- 
RED industrial control 
systems. 


SERVO 


CORPORATION 
of AMERICA 


20-24 Jericho Turnpike, New Hyde Park, L.1.,N.Y. 
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NEW BOOKS 


New Servo Textbook 
Basic FEEDBACK CONTROL SYSTEM 
Desicn. C. J. Savant ]r., 418 pp. 
Published by McGraw-Hill Book 
Co., Inc., New York, 1958. $9.50. 


This text for a first course in servo- 
mechanisms apparently was written 
with senior electrical engineering stu- 
dents in mind, for the major portion 
of Chapter 2, on obtaining system 
equations, concerns electric circuit 
analysis. The author does not strongly 
support either the classical approach 
or the transform method, a position 
that appears untenable in view of the 
fact that the transform method must 
be used in all later analysis. He does 
not introduce the transform calculus 
in the body of the text, but in a 12- 
page appendix, which may be indica- 
tive of the modern trend in electrical 
engineering curricula toward reserving 
transform methods for sophomore or 
junior analysis courses. 

Chapter 3, on steady state errors, 
naturally discusses poles at the origin 
and points out their significance, but 
does not refer to them as “integra- 
tions” or give them anv special signifi- 
cance. Despite the risk of losing in- 
sight, this approach may be satisfac- 
tory, since the average student some- 
times has difficulty with this concept. 
The discussion of bandwidth relies on 
the students’ previous knowledge of 
the concepts of frequency response, 
and so might be difficult for the non- 
electrical student. 

Chapter 4 introduces the root locus 
method and the author’s basic design 
philosophy. He believes that the root 
locus is a simpler concept than analysis 
in the frequency domain, and that 
analysis and system stability on the 
root locus is more readily grasped than 
on the Nyquist or Bode plots. This 
appears acceptable, especially since 
the pole-zero approach is now used 
in many circuit courses. In Chapter 5, 
the frequency response methods are 
introduced. The author feels that 
these will retain an important place 
in system design because they provide 
the actual data on physical systems. 

A further advantage of the root 
locus method, says the author, is the 
speed with which successive trial de- 
signs may be made. This idea is more 
dificult to justify, since a Bode plot 
consists simply of straight lines and 
probably requires less experience to 
manipulate when an equalizer is to be 
chosen and properly placed. 

System equalization or compensa- 
tion is discussed in Chapter 6, which 


the leading 
contender 


in the sensitive 


relay class! 











KURMAN’S 
MIGHTY SERIES “T”’ 


Compare it and you'll know why 








% .975” x .975” x 1%” high 

x Up to DPDT—2 amp. 28V. DC, 115V AC 
x Sensitivity down to 6 milliwatts 

% Coil Resist. up to 20,000 ohms 

% Will meet MIL-R-5757C 
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The latest addition to a line of miniature 
hermetically sealed sensitive relays, the new 
Kurman Serres “T’ weighing only 3'2 oz., 
is now availabie—the mighty midget of the 
sensitive class. Radically different in design, 
you will find the Series ’T’’ to be superior 
in performance — economically priced with 
excellent delivery service 


Why not specify the Series “T” for your 
next sensitive relay application and check 
its performance for yourself? Send for 
NEW CATALOG CE of all Korman Relays 


KURMAN ELECTRIC CO. 


Division of Norbute Corp 
Quality Relays Since 1928 
191 Newell Street, Brooklyn 22, New York 
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Mc GRAW-HILL 


DIRECT MAIL LIST SERVICE 











McGraw-Hill Mailing Lists” 
Will Help You 


@ Merchandise your advertising 
Conduct surveys 
Get inquiries and leads 
for your salesmen 
Pin-point geographical 
or functional groups 
Sell direct 
Build up weak territories 
Aid dealer relations 


Direct Moil is a necessary supplement to 
@ well rounded Business Paper advertising 
Program. 

Most progressive companies allocate o 
Portion of their ad budgets to this second 
medium at the same time as they concen- 
trate on the best business publications. 
600,000 of the top buying influences in 
the fields covered by the McGrow-Hill 
Publications make up ovr 150 mailing 
lists. Pick YOUR prospects out of our 
Industrial Direct Mail catalogue, 


Write for your free copy 
it contains complete information. 











PAIR OF UNIVACS SOLVE TOUGH MISSILE DESIGN PROBLEMS 


A report to 
Engineers and Scientists 
from 
Lockheed Missile Systems 
where expanding 
missile programs insure more 


promising careers 


Two Univac Scientifics today aid preliminary design work for 
Lockheed missiles by solving tough flight simulation problems at the 
Division’s research and development laboratories in 

Palo Alto, California. 

These high speed digital computers aid in the study of missile 
characteristics, performing scientific and engineering calculations and 
data reduction by means of the most advanced techniques. 

The $1% million computers are part of an installation which is 

one of the largest and most complete in the West. 

Advanced facilities such as this are the result of constant refining and 
improvement as our missile programs continue to expand. 

Projects like the Polaris, X-7 ramjet and Q-5 target missiles 

for example—have already placed Lockheed in the forefront of U.S. 
missile developers. Moreover, by joining our young Division at this stage 
in its development, you increase your opportunities to 

grow rapidly with us. 

If you are a qualified engineer or scientist, you are invited to inquire 
today about positions open in the following fields: 

Information Processing, Telecommunications, Reliability - 
Producibility, Ground Support, Guidance, 

Flight Controls, Aerodynamics, Thermodynamics. 

Write M.W. Peterson, Research and Development Staff, 

Sunnyvale 15, California. 


Aldi MISSILE SYSTEMS 
ie. 


A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PALO ALTO + SUNNYVALE + VAN NUYS«+ SANTA CRUZ > CALIF. 


Shown with the Univac is Dr.J.P. Nash, Information Pri 
Manager, second from right, examining results of a tr 
J.P-Ryan, Jr. Left rear, J.B. Potter; right, Byron Zurcl 
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ENBER INSTRUMENT VALVE 


Specially designed for and successfully 
used in instrument and regulating 
piping. Without dismantling piping 
network, dial gage replacement or 
repairs can be made. Back-seating stem 
permits repacking while valve is under 
pressure. Quality standards of complete 
line of Penberthy gages and valves 
maintained. Well worth investigating. 


FORGED CARBON STEEL 
STAINLESS STEEL TRIM 
BACK-SEATING STEM 

RENEWABLE SEAT 
INTEGRAL PRESSURE BLEED 


available in variety of 
materials and connections. 


PENBERTHY lace CO. 1242 Holden Ave., Detroit, Mich. 
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COOLS RACKS 


SAVES SPACE TOO! 


1. 


RECESSED MODELS 
High performance, minimum 
panel height. Permanent filter 
and blower recessed into unused 
portion of open base rack. Fit 3% 
5%”, 7”, 834” and 10%” heights, ~~ 
liver 150 to 800 cfm. Reliable 115 volts, 
60 cycle motors. Also Mil. Spec. and DC motors 


*Protected By U.S. Patents 


McLean Fans & Blowers* 


FOR ELECTRONIC APPLICATIONS 


RACK MOUNTED FOR EASY ASSEMBLY «+ FIT STANDARD 19” RACKS 
STANDARD MODELS FOR OTHER RACK WIDTHS AND ANY ANGLE OF AIR DISCHARGE 


\ available Install McLean Fans and Blowers in computers, control 
Over 15 pewcenr ty of 342” units, etc. McLean’s small packaged units pressurize cab- 
in panel hee increments inet with cool filtered air, keeping dust out. Complete in 
to 124" | ra one unit and ready for use. Standard RETMA notching 
of 134" rM allows mounting on rack . . . without cutting or fitting. 
1200 © Smart stainless steel grilles . . . easily removable filters. 

sisal 











FREE! 12 Page Cooling Article * 16 Page Catalog * Individual Spec. Sheets 


McLean Engineering Laboratories inte ae 


Princeton, New Jersey ¢ Walnut 4-4440 Manufacturing Areas. 
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NEW BOOKS 


apparently serves as an introduction to 
the art rather than as a complete dis- 
course (it is only 22 pages). The next 
three chapters discuss servo com 
ponents: RC network equalizers, trans- 
ducers, motors, generators, and gyros. 
The considerable material on servo 
components appears warranted, since 
the student usually finds it as difficult 
to write the transfer function of a 
physical system as he does to analyze 
and synthesize the result. Even famil- 
iar rotating machines require the sys- 
tems point of view when they are to 
be designed into a control loop. ‘The 
final chapter introduces some of the 
problems on nonlinear servo design. 
Several short appendices on analytic 
details complete the text. 

The book is well organized and ap- 
pears to be suitable as a text. Prob- 
lems follow each chapter. There is the 
unavoidable quota of slips of the pen: 
the definition of conditional stability 
(page 24) is inadequate; it is implied 
on page 16 that it is possible to obtain 
a transfer function with nonzero 
initial conditions; but on the whole 
the book is well built. It will be wel- 
comed by those who prefer the root 
locus as the basic design tool and fre- 
quency response methods as an aux- 
iliary aid for obtaining laboratory test 
data. 

John E. Gibson 


Computer Techniques 
Locicat Desicn or Dicirat Com- 
PUuTERS. Montgomery Phister ]r. 
Director of Engineering, Thomp- 
son-Ramo-W ooldridge Products 
Inc. 408 pp + xvi. Published by 
John Wiley & Sons, Inc., New 
York, 1958. $10.50 
Intended as a basic text for a one- 
or two-semester course in computer 
logic, this book describes and inter- 
prets methods rather than hardware, 
and applies them to a wide variety of 
design problems. The author assumes 
no previous computer experience on 
the part of the reader. Of particular 
value are his detailed discussions of: 
*the Veitch diagram method of sim- 
plifying Boolean equations 
*the “difference-equation” approach 
to memory elements 
* the Huffman-Moore model of digital 
systems 
*the complete solutions to flip-flop 
input equations 
*a mathematical introduction to Boo- 
lean algebra. 
Each chapter contains a number of 
sample problems and exercises. 





The all new NLS transistorized 
mercury relay digital multimeter 


“series twenty” 


Provides continuous, 
Automatic, Highly Accurate 
Measurements and Recordings of 


Voltages —Voltage Ratio — Resistance 
Higher Speed—Greater reliability 
For Missile and Weapons Check-out waren voltage, voltage ratio, an 
into digital form at speeds up to three 
Automatic Data Logging with accuracy of .01%. This data is presente 
illuminated readout or as intelligence to be fed 
Reliability Check of Components automatic system or data recorder. Automat 
decimal point, and polarity indicatior 
Receiving and Production Inspection Transistors and mercury-wetted rel: 
Industrial Process Monitoring ultimate reliability, faster and quiete 
conventional stepping switch instrun 
Research & Development Laboratories 
Plug-In Accessory Modules — Accessories t 
of functions are available in plug-in modules 
simply connected to provide an AC-DC con\ 
amplifier or automatic calibrator. Addit 
are included for scanners to sample data f 
serial converters to permit driving all type 
typewriters, tape or card punching units, a1 


for operating parallel entry type reco 


New Interchangeable Readouts 
offers a choice of illuminated 
single plane, wide angle projectic 
edge-lighted type —both types of 1 


exclusive snap-in desigr 


For full information contact yor 


represe ntative or write 


non-linear systems, inc. 


Del Mar Airport, Del Mar, California. 

Factory Offices in Los Angeles, San Francisco, 
Phoenix, Cleveland, and Orlando, Fia. 
Representatives in other major cities 
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WHAT'S AVAILABLE IN REPRINTS 


The following reprints have been prepared to make 
important reference-type editorial material available to 
Contro ENGINEERING readers in convenient filable form. 
Some reprints are individual articles, while others are “pack- 
ages’’—several articles published over a period of time that 
logically supplement one another in the coverage of a specific 
phase of the control field. Any reprint can be obtained at 
the nominal cost listed below by filling in the order form and 


sending it, together with remittance, 


Dept. 


What the Control Engineer Should 
Know About Reliability, April 1958, 8 pp. 
Not intended as a comprehensive treatise, 
but rather as a guide to aim the control 
engineer in the right direction, this staff- 
written article discusses the new concept 
of systems effectiveness, and briefly covers 
techniques for me: suring reliability, pre- 
dicting reliability, improving reliability, 
and costing reliability. Up to date refer- 
ence sources are listed for those desiring 
more detailed information. 20 cents. 


to Readers Service 


Quantity rates will be quoted on request. 


Survey of Numerically-Controlled Point- 
to-Point Positioning Systems, 72 pp. This 
complete series covers 31 domestic and 
foreign systems. Detailed operational and 
performance characteristics of each system 
are discussed. Individual parts of series are 
also available as listed below. $1.25 

Survey of Numerically-Controlled Point- 
to-Point Positioning Systems—III, March 
1958, 16 pp. Includes detailed descrip 
tions of nine machine tool control systems 
40 cents. 





Reprint 


Control Systems Reliability 
Point-to-Point Positioning 


Point-to-Point Positioning Systems—II 
Point-to-Point Positioning Systems—I 
Ready Reference Data File. . . 

Servo Modulators ...... : 

The Uses of Digital C omputers 
Analysis Instrumentation—II 

Analysis Instrumentation—I. . . 

Basic Data on Process Control 

How to Simulate Dead Time 

Power Amplifiers ...... 

Static Switching Devices 


Digital Application Series 
Programming Scientific 
Controlling a Process 
Sampled-Data Systems 
Analog-to-Digital Converters ..... 
Digital Data Telemetering....... 

Basic Digital Series 

Computer Logical Design 

Programming the Computer 

Checking Techniques 


330 W. 42 St., New York 36, N.Y. 
Name 
Address 


City & State 





Reprint Order Form 


Systems—I, IT & III. 
Point-to-Point Positioning Systems—III 


Automatic Logging Systems......... in 
Automatic Machining—A View and a Preview... $0.50 
A Systems Analysis Predicts Performance. 


Fitting the Digital Computer into Control. ... $0. 


Readers Service Dept., Controt ENGINEERING 


Unit price No. ordered Subtotal 


$0.60 
$0.50 
$0.65 
$3.00 
$0.60 
$0.60 
$0.50 
$0.15 
$0.50 
$0.50 
$0.50 


$0.50 


$0 
$0. 
$0. 
$0 
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$0 


$0 
$0 
$0 
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Survey of Numerically-Controlled Point- 
to-Point Positioning Systems—II, Febru- 
ary 1958, 24 pp. Includes detailed de- 
scriptions of ten machine tool control sys- 
tems. 50 cents. 

Survey of Numerically-Controlled Point- 
to-Point Positioning Systems—I, January 
1958, 32 pp. Includes detailed descrip 
tions of twelve machine tool control sys 
tems. 60 cents. 

Ready Reference Data Files, 2+ pp. A 
must for every control engineer’s library. 
Includes the first 12 data files published 
in ControL ENGINEERING—a diversity of 
topics, from system reliability through the 
cost of industrial temperature-measuring 
systems. Each one gives a method of solv- 
ing a particular problem. 50 cents. 

Servo Modulators—Their Application, 
Characteristics, and Availability, 36 pp. A 
group of four integrated articles covering 
all phases of electromechanical, electronic, 
solid-state, and magnetic modulators. 
Typical circuit diagrams, characteristics, 
and applications are given for each tvpe, 
plus an 84-item bibliography and tables 
listing commercial units. 35 cents 

The Use of Digital Computers in Sci- 
ence, in Business, and in ogee 112 
pp. A collection of 14 articles published 
over a period of two years as the Digital 
Application Series. Prominent authorities 
cover the application, programming, over 
all system design, and commercial avail 
ability of digital computers in all 
of business, industry, and the military. $3. 

Analysis Instrumentation—II—Refract- 
ometers, Infrared Analyzers, Photometric 
Analyzers, Colorimetry, 32 pp. This in- 
cludes the second group of four articles of 
the Analysis Series. 60 cents. 

Analysis Instrumentation — I — Nuclear 
Magnetic Resonance, Chromatography, 
Radioactivity, 32 pp. This reprint consists 
of the first four articles of the Analysis 
Instrumentation Series: a general introduc- 
tion to set the stage, and detailed discus- 
sions of the three analysis techniques. 
Emphasis is on basic principles, practical 
tips, and the use of these techniques in 
automatic process control. 60 cents 

Basic Data on Process Control, 24 pp. 
A grouping of five articles on flow process 
control, including: Basic Concepts of Feed 
back Control, Selecting Loops for Critical 
Control, Direct or Reverse Controller 
Actions, Modifying Valve Characteristics 
to Fit the Process, and Using Capacitance 
for Accurate Level Measurement. Prac- 
tical information for every process control 
engineer. 50 cents 

How to Simulate Dead Time, 6 pp. 
Three tricky techniques for simulating 
dead time or transport lag. One’s elec- 
tronic, another is pneumatic-mechanical, 
and the third uses magnetic tape. A use- 
ful reference for control engineers con- 
cerned with process simulation. 15 cents. 

Transistor and Thyratron Power Ampli- 
fiers, 28 pp. These three articles—one on 
transistors and two on_ thyratrons—were 
prompted by the increasing control ap 
plication of transistors as low power ampli- 
fiers and thyratrons as high-power ampli- 
fiers. In each case the emphasis is on 
practical application, circuit design, 
stabilization, etc. 50 cents 

Static Switching Devices—-New Tools 
for Industrial Control, May 1957, 28 pp. 
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scientists and engineérs 


NUCLEAR CAREERS NOW 


in worldwide reactor program 


Openings at all experience levels 


Reactor shielding: Advanced studies and analysis. 

Reactor core: Analysis, nuclear and reactor core. 

Systems analysis: Including engineering direction on reacto 
heat transfer, thermal stress, fluid flow, etc. 

Heat transfer: Direct analysis studies—reactor systems, dyna 
modynamics of fluid flow. 

Openings also in preliminary analysis, reactor operations, 
and integrated areas. Degree essential. Experience as requ 


ANALYTICAL 


Metallurgists: R. & D. on nuclear fuel materials, including radiation effects, 

evaluation of uranium and thorium alloy, ceramics. Also for mechanical 

fabrication development for these materials. 

Engineers — ME & ChemE: For development of power reactor components. 
DEVELOPMENTAL Devise experiments, perform tests, prepare reports. Stimulating problems 

in fluid dynamics, heat transfer, full scale and model studies of fi\ ‘ 

components, remotely operated handling equipment, etc 

Other openings with nuclear experience preferred but not essent 

and applicable experience required. 


lie 


Control mechanisms: Senior openings, original design 
rods, safety rods, drives, allied tooling. Also mechanical d 
heavy) and general machine design. 

Electrical: Originate and develop major control and pov 
components. 

Process systems & equipment: Prepare layouts and spe 
transfer equipment. 

DESIGN Process instrumentation: Reactor, auxiliary, and control s} 
Facilities — mechanical systems: Original design — heating, vei 
cial atmospheric controls for pressure regulation, cleaning, et 
mechanical design, special handling systems, etc. 

Machine design: Heavy mechanical. Original test equipment 
experiments —lead-shielded casks, remote handling cran¢ 
design experience essential. 

Reactor core components: Design moderator cans, fuel 
assemblies, grid plates, core supporting structures. 


Other opportunities in: 
Theoretical, Experimental, Solid State Physics, High Temperature 
Physical Chemistry, Health Physics, Materials Research. 


New programs add to years-ahead backlog 


Atomics International has built and is operating two power reactors—the Sodium React 
Experiment and the Organic Moderated Reactor Experiment. Central station power plants 
based on these reactor concepts are in the planning stages right now. In addition, AI has 
just begun an advanced power reactor study for Southwest Atomic Energy Associates 
group of 15 investor-owned utility companies. 

AI is expanding overseas operations. With 5 foreign reactors already in operation or 
being built, AI recently signed agreements with ASEA of Sweden, which has offices i1 
50 countries, and DEMAG of West Germany, with whom AI formed the new company, 
INTERATOM, in Duisburg, West Germany. 


Write today for more details about exciting career opportunities at AI. 
Mr. G. D. Newton, Personnel Office, Atomics International 


21600 Vanowen Street, Canoga Park, California 
(In the suburban San Fernando Valley, near Los Angeles) 
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INDUSTRIAL BUYERS! 
Designed For You 


SIG NEW 1956 


ELECTRONICS 


CATALOG 


Xelel te! TV 
Equipment 


e 360 pages of Electronics 
Amateur and High Fidelity 
e Quantity Prices equivalent to 


Dakelalthiclalia-ta3 


parts 


EWARK 


ELECTRIC COMPANY 

FREE ...Write Dept. CE-4 
223 W. Madison St. * Chicago 6, Illinois 
4736 W. Century Blvd. * Inglewood, Calif. 





PORTABLE 
3KC CARRIER 
SYSTEM 


PORTABLE 3KC 

CARRIER SYSTEM MODEL PCS-1 
8 inches wide 6 inches deep 
7 inches high Weight: 10 Ibs. 
Model PCS-1 is a single channel portable 3 
ke carrier system designed for use with vari- 
able reluctance transducers: specifically, 
Northam absolute, differential and gage 
pressure pickups and accelerometers. 

Specifications of Model PCS-1 call for a 
regulated excitation voltage output from the 
oscillator of 10 volts rms at 3 kc and a de- 
modulator output current linearity of better 
than 1% full scale, providing 1.0 ma into 
50 ohms. An auxiliary filter (Model F-1) pro- 
vides a suitable output for oscilloscopes, 
oscillographs, strip chart and pen recorders. 
A signal is produced flat within plus or 
minus three percent from O to 250 cps. 
There is also an output jack to permit 
operation of a remote meter as another 
alternative read-out. 

Write for Bulletin. Northam Engineering 
facilities are available to assist you in any 
application problems. 


NORTHAM ELECTRONICS, INC. 
2420 N. Lake Ave., Altadena, Calif. 


CONTROL ENGINEERING 


REPRINTS 


An independent consultant analyzes the 
complete field of industrial static-switch- 
ing systems. Starting off with a review of 
basic switching logic, he covers circuit 
characteristics of the fundamental devices, 
commercially-available systems, actual ap- 
plications, etc. 50 cents 

A Functional Analysis of Automatic 
Logging Systems, February 1956, 16 pp. 
An examination of the various techniques 
and equipment used in performing the 
eight functions in a generalized automatic 
lagging system: transducing, scale-factor 
correction and linearizing, derivation of 
quantities, scanning, analog-to-digital con- 
version, programming and control, alarm 
and recording or logging. 50 cents. 

Automatic Machining—A View and a 
Preview, 24 pp. A quick look at some of 
the newer techniques that are being used 
to control machine tools. It deals primarily 
with recorded-information (numerical) 
control, discussing ways to automatically 
furnish machining instructions, ways to 
drive the tool, or workpiece, and ways to 
measure position and size. 50 cents. 

A Systems Analysis Predicts Perform- 
ance, June 1955, 16 pp. This rare case 
history shows how determining the dy- 
namic characteristics of both the process 
and the control system (and considering 
both open to modification) can reduce 
cost and improve performance. 50 cents. 

Digital Application Series. For those 
readers who would like to fill out incom- 
plete sets of Application Series articles, 
the following are available as reprints: 

Programming Scientific Calculators 
—No. 5, May 1956, 6 pp. Describes 
the three major steps in program- 
ming—numerical analysis, drawing 
the flow diagram, and coding—and 
illustrates them by a_ problem 
solved on the NORC. 25 cents. 

Controlling a Process—No. 9, De- 
cember 1956, 5 pp. Explains why 


and how the various types of digital 
computers can be used as process 
controllers. 25 cents 
Sampled-Data Systems—No. 10, Feb- 
ruary 1957, 8 pp. Reviews the basic 
theory of sampled-data system analysis 
and synthesis, includes a reference list 
and an example. 25 cents. 
Analog-to-Digital Converters—What 
Ones are Available and How They 
are Used—No. 11, April 1957, 12 
pp. Describes techniques and lists 
commercial devices. 25 cents. 
Fitting the Digital Computer into 
Process Control—No. 12, June 1957, 
8 pp. Outlines a systematic approach 
to applying digital computers as 
process controllers and _ illustrates 
with a case in point. 25 cents. 
The Digital Answer to Data Tele- 
metering—No. 14, August 1957, 8 
pp. Discusses the characteristics and 
requirements of digital-data_trans- 
mission systems. 25 cents 
Basic Digital Series. For those readers 
who would like to fill out incomplete 
sets of Basic Digital articles, the follow- 
ing are available in reprinted form: 
Digital Computers Need Logical 
Design—No. 3, December 1955, 7 
pp. Reviews the basic logic functions 
used in digital computers. 25 cents. 
Programming the Computer—No. 
12, March 1957, 6 pp. Discusses the 
fundamentals of digital computer 
programming. 25 cents. 
Checking Techniques for Digital 
Computers—No. 13, May 1957, 4 
pp. Describes the principle of re- 
dundancy in checking and error de- 
tecting codes. 25 cents. 


Tearsheets of most of the other Basic 
Digital and Digital Application Series arti- 
cles are also available at a cost of 15 
cents per article. 
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Number of trained Chinese engi- 
neers and technicians now working in 
Red China has reached 800,000, ac- 
cording to the National Economics 
Commission of China. This is three 
and a half times the 230,000 estimate 
reported in 1952. 

A low-cost electronic data proc- 
essing system has been developed to 
handle the recording-keeping needs 
of the garment industry. Developed 
by S. J. Capelin Associates, Inc.—spe- 
cialists in industrial engineering for 
sewn products—the system uses a 
Royal-McBee LPG 30 computer and 
Frieden tape-producing equipment. 
One advantage claimed: it requires no 
specially-trained personnel. 

A linear accelerator atom-smasher 
two miles long has been proposed by 
Stanford University. Stanford’s Dr. 


Leonard Schiff told a Senate-House 
subcommittee on atomic research and 
development that the university, 
which has pioneered linear acceler- 
ators, proposed building the giant 
device to conduct atomic transmuta- 
tion experiments. 

National Advisory Committee for 
Aeronautics (NACA) has formed a 
special committee on space tech- 
nology. Working groups have been 
set up to deal with specific aspects of 
the new field. The groups and their 
chairmen: Objectives, Dr. James A. 
Van Allen; Vehicles, Dr. Werhner 
von Braun; Re-entry, Dr. Milton U. 
Clauser; Range Launch and Tracking, 
James R. Dempsey; Instrumentation, 
Communication and Navigation, Dr. 
Hendrik W. Bode; Human Factors 
and ‘Training, Dr. W. Randolph 
Lovelace. 








CONTROL TRANSMITTER 


CLASSIFIED ADVERTISING) 
SALES @ BUSINESS 
EQUIPMENT (Used or Resale) 


“OPPORTUNITIES” 


UNDISPLAYED RATE 
(Not available for equipment advertising) 
$1.80 per line, minimum 3 lines. To figure 


Mg payment count 5 average words to 
a line 


DISPLAYED RATE 
The advertising rate is 19.10 per inch for all 
advertising appearing on other than contract 
basis. Contract rates quoted on request. 








MASTER and SLAVE 
HYDRAULIC 
REMOTE CONTROL SET 


For remote opera- 
tion of controls on 
engines, boats, spe- 
cial machinery, etc. 
Eliminates compli- 
cated mechanical 
linkages, cables, 
pulleys, etc. Master 
unit connects to 
slave unit with a 
single 4" tube. 
When moster con- 
trol lever is moved, slave lever follows ex- 
actly. Light-weight, compact aluminum alloy 
construction. Dimensions: 51% W. 9” H. 
134” D, (exclusive of handle). Shipping 
Weight: 8 Ibs. (Note: Tubing is not supplied) 


F.0.B PER $9 7°° 


CHICAGO PAIR 
Free! 1958 
Hydraulic Catalog 


Featuring New & Surplus 
@ Pumps @ Valves @ Cylinders 
® Accumulators, Hose, Gauges, 
Fittings, © Motors @ Generators, 


@ Air Compressors. 


All at Bargain Prices Immediate Delivery 
WRITE TODAY 


GROBAN SUPPLY CO. 


Dept. CE-4 
1139 S. Wabash Ave., Chicago 5, Ill. 








BEARINGS — 
Miniatures; Precision: Stainless Steel; 
Special Sizes, Tolerance & Construction. 


RAWAY BEARING CO. 
4-8 Forsythe St. Walker 5-8150 N. Y. C. 2, N. Y. 








PROFESSIONAL SERVICES 


Research @ Instrumentation 
Testing @ Control Systems 
Management @ Design 
Economic Studies @ Patents 











SVERDRUP & PARCEL, INC. 


Engineers—Architects 
Comprehensive Control Engineering Services 
Systems analysis and design of automatic controls 
and instrumentation for atomic energy... . chem- 
cal plants . petroleum refineries . Steel 
plants... . test facilities . and other process 

industries 
915 Olive Street St. Louis 1, Missouri 








WHAT’S AHEAD: MEETINGS 


APRIL 


Instrument Society of America (New 
Jersey section), Tenth Annual Sym- 
posium, Hotel Essex House, New 
ark, N. J. April | 

American Society of Mechanical Engi- 
neers, Fourth IRD Conference. 
University of Delaware, Newark, 
Del. April 2-4 

Institute of Radio Engineers, 10th 
Southwestern Conference & Elec- 
tronics Show, St. Anthony Hotel 
and Municipal Auditorium, San An- 
tonio, Tex. April 10-12 

American Institute of Electrical Engi- 
neers, Automatic Techniques Con 
ference, Hotel Statler, Detroit 

April 14-1¢ 

22nd Annual Machine Tool Electrifi- 
cation Forum (sponsored by West 
inghouse), Hotel Statler, Buffalo, 
N. Y. April 22-23 

Electronic Components Conference, 
sponsored by IRE, ATEE, Ambassa 
dor Hotel, Los Angeles April 22-24 


MAY 


Instrument Society of America, Fourth 
National Flight ‘Test Instrumenta 
tion Symposium, Park Sheraton Ho 
tel, New York May 4-7 

Institute of Radio Engineers, Western 
Joint Computer Conference, Am 
bassador, Los Angeles. Mav 6-9 

Instrument Society of America, Fourth 
National Symposium on Instrumen 
tal Methods of Analysis, Shamrock 
Hilton Hotel, Houston May 12-14 

Institute of Radio Engineers, National 
Aeronautical and Navigational Elec- 
tronics Conference, Hotel Biltmore, 
Davton, O. May 12-14 

Instrument Society of America, Na 
tional Conference on Power Svys- 
tems Instrumentation and Control, 
New York May 21-23 


JUNE 


Instrument Society of America, 6th 
National Telemetering Conference, 
Lord Baltimore Hotel, Baltimore, 
Md. June 2-4 

American Society of Mechanical Engi- 
neers, National Conference on Ma- 
terials Handling, Public Auditorium, 
Cleveland, O. June 9-12 

Fourth Automation Exposition, Coli 
seum, New York June 9-13 

Institute of Radio Engineers, Second 
National Conference on Military 
Electronics, Sheraton-Park Hotel, 
Washington, D. C. June 16-18 


Based on 
a brilliant 


conception 


From the Brit 
Supply’s Sign 
Development Est 
switch gives fai 
previously been ur 
mechanical samplings 
The switch illust 

enables two twenty- channel 
banks to be sampled at speeds up to 
220 r.p.s. 

More informati 

sent regarding 

Whitworth Electro: 

Write to the address 


below 


Quote ‘COMEL’ in correspondence 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD 
BAGINTON, COVENTRY, ENGLAND 
—a member of the Hawker Siddeley Group 
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@ Degree in engineering, physics 
or mathematics 


@ Postgraduate training in 
operations research or 
mathematics 


@ Minimum of 2 years experience 
in an organized operations 
research activity related to 
logistics or weapon systems 


® Knowledge of programming 
techniques and probability and 
Douglas statistical disciplines 


wishes to contact @ Ability to analyze and 


synthesize systems, including 
problem formulation and the 
EXPERIENCED establishment of criteria for 
OPERATIONS system evaluation 


We are seeking high calibre men 
ANALYSTS to form the nucleus of an 


operations analysis and research 


with the following group operating on broad | 
concepts in system evaluation 


qualifications: and optimization. 


If you meet the above 
requirements, you are invited to 
send a resume of your 
background and education to 
the address below. An interview 
will be arranged at your 
convenience. 


DOUGLAS 


C. C. La Vene 

DOUGLAS AIRCRAFT 
COMPANY, INC. 

3000 Ocean Park Blvd. 
Santa Monica, California 
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EMPLOYMENT OPPORTUNITIES 





SALES e ENGINEERING SALES 


positions in 
ENGINEERING PROCESS CONTROL INSTRUMENTATION 
MANAGER 


= field or home office - 
Sales Engineering Manager to su- 


pervise national sales engineering Interested in a sales engineering career in the field of 
instrumentation and automation? We are looking for 
qualified engineering graduates, preferably electrical, 
chemical, or mechanical, between 25 and 35 years of age, 
vanced data logging equipment to with a few years’ experience in instrumentation, engi- 
the chemical, oil refining, and other neering sales, or industrial processing. 

process industries. Additional open- Field locations are in U.S. industrial areas. Home office 
ings for sales engineers. Please openings are for sales specialization in electrical instru- 
mentation; or for sales specialization in petroleum, chem- 
ical, or metals industry. 

Mr. F. C. NAGEL Sales aptitude tests given at our expense, plus thorough 
training course at home office (Foxboro, Mass.) for suc- 
cessful applicants. 

If you feel you are qualified for a permanent sales en- 
los Angeles 45, California gineering position in this expanding industry, please 
write (giving outline of education and experience) to 


force in the marketing of digital 
computer control systems and ad- 


address inquiries to: 


The Ramo-Woolridge Corporation 
P. O. Box 45215 Airport Station 





The Foxboro Company, Foxboro, Massachusetts. 


CONTROL SYSTEMS Ox BOR 


INSTRUMENT ENGINEER * Reg. U.S. Pat. Off. ® 


For engineering and layout of 

















— control systems and Expanded Program Offers Rapid Advancement to 
instrumentation in connection 


with the automation of steel Fuel Control 


plant and allied installations. Design and Developme nt 


E.E. Graduate or equivalent 
Minimum experience 5 to 10 years 


Send detailed resume and photo to: 
G. VICTOR HOPKINS Challenging assignments in a fast- 
ARTHUR G. McKEE & CO. growing Design and Development 


2306 Chester Avenue, Cleveland 1, Ohio program for advanced fuel control 
systems for high-power, low-weight 
turboshaft and turbojet engines. 
Achievement and reward are assured 


P H v3 l C | S T to engineers proficient in this field. 


Progressive organization engaged in the 
application of the systems approach to in- . . ae . a . oo ae, 
dustrial process control and air test facility Lycoming ws just minutes away from beautiful Long 
control is seeking one man for a career Island Sound...in an area that abounds in year 
opportunity in its Analytical Department. ’round recreational and cultural facilitic 

This mon, with approximately two years 
experience, should hold a B.S. in Physics with @ Modern benefits program 
a strong background in process control and 
a knowledge of control mathematics. Must 
be capable of using analogue simulator for 


determining control criteria. Send your resume to 2 
: MR. HARRY A. STONE, Lyco mi ng 
CDC Control Services, Inc. octane Senate 
400 SOUTH WARMINSTER ROAD DIVISION OF AVCO MANUFACTURING CORP 
Hatboro, Pa. STRATFORD, CONNECTICUT 


Projects are concerned with small 
light weight fuel controls having low 
cost together with high reliability 
Some experience with fuel metering 
devices, servomechanisms and gas 
turbine engines is desirable 














STAFF ENGINEER 
ENGINEERS SALARY $14,000.00 PER YEAR 
‘ : If you have been looking for an napa Agency To conduct studies, and evaluate current and future 
PLOYMENT OPPORTUNITIES section will help aa is skilled in the TAL AReLITy Aa liquid rocket power plants. Experience should be 


tment and pro i t 
you find the engineers you need. It’s an inex- FORMATION concerning positions, why not com ey Mg ae a 
i i i hod of selecti — with us at onos! ALL POSITIONS FEE tion as cihef of staff. Send resume in complete 
pensive, time saving method of selecting com- PAID pe A a Fh. A a 
: : . : FIDELITY PERSONNEL SERVICE client ponses asew 
petent personnel for every engineering job. 1218 Chestnut St. Phila. 7. Pa. company 


- MONARCH PERSONNEL 
Specialists in Aviation, Electronics and Nucleenics 28 East Jackson Bivd Chieago 4, IIlinois 


An employment advertisement in this EM- 
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Mi | Desi 
New . odular Design 
I 


/ 


Vas oe os of 


on Precision 
Subminiature 1 POTENTIOMETER 
- 


Type PVR-OS features: 


@ Extraordinary High Precision in 1% inch size. 
@ High Temperature Operation to +145°C. 

@ Low-torque, Ball-bearing Construction. 

@ Linear or Non-Linear Functions. 

@ Independent Linearity of +0.3%. 


New, modular design provides extreme flexibility in adapting or 
customizing the unit to the particular requirements of application. 
Depth of cup, mounting, resistance, linear or non-linear function are 
all variable as needed. Up to 9 cups may be ganged to the front servo 
cup without external clamp rings. Each cup may be individually 
phased at the factory. 


The new PVR-05 provides the greatest precision in the industry for 
its 14 inch size. Gold alumilite finish,machined aluminum base and 
cover, precious metal contacts and slip rings, spring-loaded ball- 
bearings assembled under quality controlled procedures provide 
optimum performance characteristics. 


Reliability is insured under severe environmental conditions of missile 
Bulletin and airborne applications. 


of full SPECIFICATIONS 
, Resistance Range: 50, 100, 200, 500, 1K, 2K, 5K, 10K, 20K. 
details Taps: Maximum of 3 taps to specification. 
on Temp. Coeff. of 
Res. Wire: 0.002%/°C above 50 ohms. 
request. Terminals: Gold plated, forked lug type std., other types 
available. 
Torque: .1 in. oz. per cup. 
Where space is at a premium and precision a must, PVR-05 is the 
answer. 


TECHNOLOGY INSTRUMENT CORPORATION 


523 Main St., Acton, Mass. P.O. Box 3941 No. Hollywood, Calif. 
COlonial 3-7711 POplar 5-8620 





the most impressive fact about regenerative 
feedback may well be its surprising 
simplicity. The entire Fr circuit comprises 
a single restricted air passage. Yet this one 
addition is responsible for substantially 
increasing pilot gain and improving both 
static and dynamic performance. Most 
important, it permits these improvements 
even with highly desirable non-bleed 


type amplifying relays. 


REGENERATIVE FEEDBACK ... 


new factor in pneumatic control 


Conventional nozzle pilot systems— 
like the one shown (a) above—di- 
rectly convert a change in process-set 
point relationship to a related change 
in output pressure. Any change in 
the relationship of process value and 
control set point is immediately re- 
flected in the new position of a post, 
plate, or flapper situated in front of 
the pilot nozzle. With each change 
in clearance, nozzle back pressure 
varies proportionately. Changes in 
nozzle back pressure control output 
pressure of the amplifying relay. 
This simple and effective pilot de- 
sign is used today in just about every 
pneumatic controller, including 
stacked diaphragm or coplanar bel- 
lows force-balance designs, and 
motion-balance types. 


motion-balance versus 
force-balance 


Unfortunately, early motion-balance 
controllers did not make the best 
possible use of this nozzle-pilot cir- 
cuit. Non-bleed relays provided in- 
sufficient gain for most uses. Bleed- 
type relays offered increased gain, 
but at the expense of less desirable 
dynamics and air consumption. As 
a result, the trend in plug-in and 
field mounted controllers switched 
to stacked diaphragm force-balance 
designs. Despite their inherent in- 
ability to maintain long term cali- 
bration, they were undoubtedly the 
most popular choice over a period 
of several years. But it is interesting 
to note that even at the height of 
stacked-diaphragm popularity, all 
the large case control applications 
were still being solved with motion- 
balance controllers. 








ZZLE CLEARANCE 


a new look at motion-balance 
principles 


Fischer & Porter’s initial goal was a 
single controller design suitable for 
plug-in, field mounting, or large case 
application—pneumatic or mechan- 
ical inputs. The decision to design 
on the basis of motion-balance prin- 
ciples was arrived at after consid- 
erable study and debate. Well- 
grounded in the short-comings of 
available controllers, F & P engi- 
neers conducted a fresh evaluation 
of all principles. The result was the 
pneumatic application of a concept 
common for years in electronics .. . 
positive or regenerative feedback. 


how FR works 


The mechanics of regenerative feed- 
back are illustrated in (b) above. A 
change in flapper position increases 
nozzle back pressure and output 
pressure. Increasing output pressure 














is then utilized through the regen- 
erative feedback network to increase 
air flow through the nozzle. Thus, 
the change in flapper position neces- 
sary to change nozzle back pressure 
by a given quantity is considerably 
reduced. The immediate result in 
terms of flapper-nozzle clearance may 
be seen in the chart above, relating 
change in flapper-nozzle clearance 
with nozzle back pressure for con- 
ventional and regenerative feedback 
pilot designs. Notice that only 0.0002 
in. of flapper motion is now required 
as compared to 0.002 in. of motion 
for conventional pilots—a ten fold 
basic improvement in pneumatic 
circuitry. 

The effects of regenerative feedback 
on controller performance are best il- 
lustrated with F & P’s Series 53P 
controller. Advantages directly trace- 
able to regenerative feedback include 
increased pilot gain, improved static 
and dynamic performance, low air 
consumption, increased flapper-nozzle 
clearance, larger nozzle diameter, and 
as little flapper motion as any other 
force-balance or motion-balance con- 
troller. 

To study the importance of regen- 
erative feedback firsthand, contact 
the F & P field engineer nearest you 
for a demonstration or evaluation 
unit. Or, write for Catalog 53P-4000. 
Fischer & Porter Company, 748 
County Line Road, Hatboro, Pa. 
In Canada, write Fischer & Porter 
(Canada) Ltd., 2700 Jane Street, 
Toronto, Ontario. 
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